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Preface 

The  purpose  of  this  study  was  to  develq}  a  method  for  assessing  the  aj^ropriate  quality  of 
envinximental  analytical  data  for  use  in  remedial  decision  making;  q)ecifically  in  risk  assessment 
calculations.  These  data  quality  assessment  criteria  could  then  be  used  in  the  evaluation  of  field 
generated  data.  A  majority  of  the  hazardous  waste  site  characterization  studies  cmiducted  to  date 
have  relied  heavily  on  data  generated  under  the  EPA  Contract  Lab  Program  protocol,  at  great  cost 
and  time.  The  increased  dq}endence  aa  field  generated  data  in  place  of  the  CLP  data  could 
potentially  save  the  reqxnsible  parties  0>aiticularly  the  DOD)  significantly  in  site  restoration  costs 
and  time  for  clean-up. 

In  my  develqjment  of  data  quality  standards  for  which  to  use  in  assessing  field  data 
useability,  and  the  testing  of  fiiese  standards  on  actual  data  sets,  I  relied  heavily  cn  the  siq)port  and 
direction  of  many.  My  deepest  appreciation  goes  to  Maj  Jim  Aldridi,  my  faculty  advisor,  wdio  had 
the  ability  to  understand  what  I  desired  to  accomplish  and  kept  me  (» the  ri^  track  toward 
developing  something  that  can  potentially  be  useful  to  many.  Dr.  Charles  Bleckmann,  my  other 
committee  member  and  reader,  was  also  very  supportive  in  my  efforts  and  his  assistance  was 
extremely  helpful.  1  also  wish  to  thank  Mr.  Jaime  Marshall  of  Martin-Marietta  for  several  hours 
of  his  valuable  time  in  supplying  me  with  great  insight  irrto  the  technical  and  regulatory  aspects  of 
envircxunental  sanpling  and  analysis  and  his  gracious  offering  of  endless  data  and  documentation 
for  testing  my  ideas.  The  Restorati<m  Branch  of  the  Wright-Patterson  Air  Force  Base  Office  of 
Environmental  Management,  especially  Mary  Seitz  and  Tim  Clendenin,  was  also  extremely 
sufqrortive  in  the  supply  of  aidless  data  and  allowing  me  to  continually  pilfer  their  tedinical 
library. 

Last  and  definitely  not  least  I  wish  to  express  my  most  sincere  gratitude  to  my  wife 
Colleen  and  my  two  all-stars  Ryan  and  Todd  for  putting  up  with  me  over  the  last  several  months  as 
I  fou^  with  the  data  and  my  conqiuter  trying  to  make  some  sense  of  it  all. 
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Abstract 

This  study  deve'oped  data  quality  standards  for  assessing  environmental  analytical  data 
quality  and  its  ;  m  remedial  decision  making,  specifically  in  risk  assessment  calculations. 
Regulatory  dociunentation  was  extensively  reviewed  and  althou^  it  specified  evaluation  criteria 
for  data  useability,  the  regulatory  guidance  failed  to  clearly  specify  standards  for  quantitative 
measurraitent.  This  study  attempted  to  fill  that  gap.  The  primary  purpose  was  to  increase  the  use 
of  field  generated  data  in  environmental  site  investigations  versus  the  ctmtinued  reliance  <mi  costly 
and  time  consuming  EPA  Contract  Lab  Program  data.  Increased  reliance  on  field  lab  data  could 
significantly  reduce  remedial  investigation  costs. 

The  standards  developed  in  this  study  are  based  on  regulatory  criteria  for  data  useability, 
adiievable  quality  in  a  CLP  lab  setting,  and  basic  statistical  methods.  The  standards  were  then 
ai^lied  to  sets  of  Volatile  Organic  Compound  data  in  water  and  soil  matrices  fiom  CLP  generated 
data  firom  one  Installatian  Restoration  Program  (IRP)  site  and  field  lab  generated  data  at  another 
IRP  site.  The  CLP  data  foiled  the  test  for  data  useability  based  on  the  standards  as  established 
>^ere  die  field  goierated  data  performed  much  better  but  also  had  its  specific  failures.  The 
primary  breakdown  in  the  field  data  performance  was  with  accuracy  measurements  in  a  soil  matrix 
but  an  evaluation  of  chronological  performance  of  the  field  lab  indicated  clear  trends  in  the  data 
and  the  potential  for  acceptable  performance. 

The  results  of  the  test  of  the  standards  <xi  acbial  data  sets  indicate  that  the  standards  may 
be  more  stringent  than  necessary  due  to  the  poor  performance  of  the  CLP  data.  Also  seal  in  the 
results  is  a  strong  performance  of  field  labs  in  generating  data  of  acceptable  quality,  especially 
M^en  compared  to  the  performance  of  the  CLP  data.  With  some  further  refinement  of  the 
standards  established  in  this  study,  to  be  more  consistent  with  CLP  achievable  data  quality,  a 
dependable  method  for  the  assurance  of  field  data  quality  would  be  available  to  allow  its  increased 
use. 
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1.  INTRODUCTION 


The  currmt  progression  of  the  Air  Force's  Installation  Restoraticxi  Program,  as  with  any 
Superfund  program,  is  very  slow  and  costly.  This  is  due  to  a  number  of  factors,  including:  the 
imwillingness  to  make  decisicHis  based  on  less  than  perfect  and  complete  informatioi;  the  lengthy 
process  specified  in  the  environmental  regulations;  and  the  tendency  for  many  overseeing  agoicies 
to  conduct  excessive  detailed  reviews.  The  primary  cause  of  the  slow  pace  and  expense  of 
Superfiind  work  is  the  hi^  costs  and  time  associated  with  the  goieraticm  and  evaluation  of 
analytical  data  from  a  given  hazardous  waste  site.  A  previously  completed  remedial  investigaticxi 
project  consisted  of  approximately  30%  of  the  cost  and  schedule  associated  with  lab  work  (Helms, 
1994).  Therefore,  if  government  and  industry  reviewed  the  current  ways  of  doing  Superfund 
business,  they  could  potentially  implement  changes  to  complete  envir(»unental  restoraticxi 
programs  in  a  more  ec(»omic  and  efficient  manner.  The  objective  of  this  research  project  is  to 
evaluate  one  mechanism  for  streamlining  the  generation  of  reliable  data  for  Superfund/IRP 
decisions  by  demonstrating  the  usefulness  of  field  gaterated  data  versus  the  more  typical  off-site 
laboratory  generated  data  (such  as  that  generated  under  the  U.S.  EPA  Contract  Lab  Program). 

Once  the  concept  of  using  field  generated  data  in  the  IRP  is  demonstrated,  this  study 
presents  the  potential  impacts  on  the  Air  Force  IRP.  Due  to  similarities  between  Air  Force 
hazardous  waste  sites  to  sites  controlled  by  other  federal  and  privately  owned  entities,  this 
assessment  of  potoitial  impacts  applies  to  any  site  being  restored  under  the  Superfund  guidelines. 
By  placing  an  increased  reliance  on  field  generated  data  for  use  in  remedial  decisicxi  making, 
subsequent  cost  savings  can  be  realized  and  shown  by  comparison  to  recently  conqsleted  projects 
having  sole  reliance  on  off-site  generated  data. 
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General  Issue 


In  1980,  in  response  to  the  growing  coicems  over  past  waste  disposal  sites  and  their 
potential  adverse  effects  on  human  health  and  the  environmait,  congress  passed  the  Con^rdiensive 
Environmental  Response,  Compensation,  and  Liability  Act  (CERCLA),  or  more  commonly  known 
as  Superfund.  The  purpose  of  this  new  regulation  was  to  identify,  investigate  and  remediate  all 
past  hazardous  waste  disposal  sites  to  clean-up  anthrqjogenic  contaminaticm  in  the  environment  to 
health  protective  levels  and  to  prevent  any  further  degradation  and  existing  or  potential  risks  to 
human  health.  As  a  result,  the  EPA  has  identified  approximately  37,000  hazardous  waste  sites  to 
date  with  1200  of  those  placed  <mi  the  National  Priorities  List  (NPL)  of  the  worse  sites  in  the  nation 
(or  Superfimd  list).  The  projected  cost  for  clean-up  of  the  NPL  sites  alone  is  approximately  $30 
billion  (EPA,  1993c:I-l).  The  antic^ated  mvirounental  restoraticm  workload  for  federal  facilities 
within  the  U.S.  involves  some  24,000  sites  with  an  expected  clean-up  cost  of  $400  Billion  and 
extending  well  into  the  next  century  (US  EPA  1993 :v).  Of  the  federal  agencies  having 
responsibility  for  hazardous  waste  sites,  the  Departmott  of  Defeise  owns  the  majority.  The  DOD 
has  an  estimated  17,660  (Lindenhofoi,  1993:169)  suspected  hazardous  waste  sites  at  nearly  1,900 
facilities  with  an  anticipated  clean-iq)  cost  of  approximately  $25  Billion  (US  EPA,  1993:2). 
.^jproximately  25%  (-4415)  of  the  DOD  sites  are  the  respaisibility  of  the  Air  Force,  Of  the  DOD 
sites,  approximately  28%  have  beai  closed  out  (requiring  no  fiirther  remedial  activity)  following 
the  Preliminary  Assessmoit;  the  first  step  in  the  IRP  process.  The  remaining  sites  (approximately 
1 1,000)  will  require  some  level  of  site  investigation,  including  mvironmental  saiTq>ling  and  analysis 
(Lindenhofen,  1993:171). 

Of  the  great  number  of  CERCLA  aivirOTimental  site  investigaticxis  completed,  in  progress 
or  pending  on  federal  or  private  facilities,  the  primary  contribution  of  costs  is  associated  with  full 
characterization  of  the  hazardous  contaminant  conditions  are  attributable  to  laboratory  analytical 
work.  Chemical  analyses  are  necessary  to  accurately  assess  the  presaice  and  extent  of  synthetic 
dhemical  compounds  within  the  various  aivironmoital  media  potentially  harming  human  health  or 
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the  eDvinmment.  The  prqx}iti(xi  of  the  overall  site  investigation  costs  associated  with  analytical 
costs  has  been  as  high  as  30%  at  Air  Force  Materiel  Command  &cilities  (Helms,  1994).  The 
Departmoit  of  Energy  (DOE)  has  estimated  that  over  the  next  30  years  it  will  spend  $15-45  Billion 
<m  analytical  services  alone  (Robbat,  1992:15).  If  these  costs  are  rqjresoitative  of  all  DOD 
^cilities,  with  the  average  cost  of  a  Remedial  Investigatioi  at  Air  force  installaticms  being 
approximately  $5-15  Million,  this  implies  the  analytical  portion  of  the  cost  is  approximately  $1.5- 
4.5  Millicm  per  site.  These  numbers  represent  a  considerable  amount  of  federal  funds  being 
expoised  annually  <xi  analytical  requirements  alone,  versus  being  put  toward  the  primary  goal  of 
an  envircximoital  restoraticm  program — the  clean-up  of  hazardous  constituents  from  the 
aivircmment. 

Althou^  diemical  analyses  are  a  key  portion  of  the  IRP  Remedial  Investigation  process, 
analytical  requirements  also  play  a  role  in  fbllow-<m  CERCLA  stages.  Namely,  nice  the  remedy 
for  site  clean-up  has  beoi  selected  and  in:q)lemaited  there  is  a  continuing  requirement  for  analytical 
evaluation  of  samples  to  monitor  influent  contaminatim  levels  into  a  treatment  process  or  to  assess 
the  success  of  the  remedy  to  reduce  (xmtaminant  associated  risks.  Thus,  the  implications  of  an 
accurate  and  cost  effective  analytical  program  are  wide  spread  throughout  any  aivironmental 
restoraticm  prc>gram. 

Specific  Problem 

Many  studies  and  congressicmal  inquiries  in  recent  years  regarding  the  CERCLA/IRP 
processes  have  targeted  the  excessive  costs  of  the  pr<>grams  and  the  lengthy  time  to  reach  site 
clean-up.  According  to  EPA  data,  the  average  duraticm  of  a  Superfund  (or  IRP)  project  from  the 
start  of  an  RI/FS  to  the  conqileticm  of  a  Remedial  Action  (construction  of  the  final  clean-up  action 
in  place)  is  aj^roximately  9  years  (Lindoihofen,  1993:173).  The  completion  of  an  RI/FS  alcme 
averages  nearly  3.5  years  (Lindenhofen,  1993:173).  Due  to  the  major  proportion  of  site 
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investigation  and  mnedy  costs  tied  to  chemical  analyses,  this  is  an  area  of  potential  reduction  of 
IRP  program  costs  and  duraticm. 

Analytical  costs  are  controlled  by  a  number  of  factors,  the  most  basic  of  which  is  the  level 
of  accuracy  and  precision  required  in  analytical  results.  As  mentioned  above,  within  the  CERCLA 
or  IRP  process  there  are  considerable  steps  in  a  restoraticm  program  that  require  the  collection  and 
analyses  of  environmental  samples.  The  question  then  arises  regarding  the  existence  of  federal 
standards  for  data  quality  whidi  must  be  met  in  conducting  the  collection  and  analyses  of  these 
samples  to  assure  the  legitimacy  of  the  results.  Such  federal  standards  are  vague  at  best,  but  the 
demands  by  individuals  within  regulatory  organizations  are  often  very  strict. 

h  addition  to  the  concern  with  overall  CERCLA/IRP  duration,  a  rq>ort  released  by  an 
EPA  council  to  study  progress  in  federal  facility  restoration  programs  has  expressed  die  need  to 
expedite  the  timely  release  of  federal  facility  restoration  data  to  the  stakdiolders  (e.g.,  public)  (US 
EPA,  1993 : 1 5).  There  is  an  obligation  to  the  public  to  further  expedite  the  collection,  analysis  and 
reporting  of  environmental  infbrmatiai.  The  utilizatiai  of  field  laboratories  would  assure 
analytical  results  are  available  in  the  most  timely  manner.  The  relative  accuracy  of  this  data  is  a 
resulting  concern,  but  as  is  demonstrated  in  this  study,  the  assurance  of  sufficient  quality  is 
possible  to  meet  the  information  needs  of  the  public. 

Research  Objectives 

Mudi  of  the  data  generated  at  Air  Force  IRP  sites  is  analyzed  under  the  US  EPA  Contract 
Lab  Program  (CLP)  protocol  or  some  similar  level  of  off-site  laboratory  analyses  and  reporting 
protocol.  A  variety  of  field  analytical  techniques  are  used  to  get  a  qjuick  assessment  of  sanples  in 
die  field  but  the  actual  application  of  these  data  to  decision  making  processes  have  been  limited  due 
to  die  less  stringent  quality  assurance  and  quality  control  (QA/QC)  techniques  as  ccmqiared  to  the 
much  more  rigorous  off-site  (CLP)  procedures.  The  extensive  QA/QC  procedures  asscxiiated  widi 
CLP  protocols  may  actually  have  limited  value  added  to  the  resulting  data.  There  exists  an 


4 


q>portiinity  for  an  increased  reliance  cm  field  generated  data,  with  less  stringait  QA/QC,  for 
various  decisicms  during  the  CERCLA/IRP  site  evaluaticm  process.  This  study  evaluates  the 
necessary  levels  of  data  quality  for  use  in  environmeatal  risk  assessmoit  and  uses  them  in  a 
conq)ariscm  of  QA/QC  results  from  field  generated  and  CLP  analytical  data.  The  assessment 
enforces  the  increased  reliance  on  field  goierated  data  for  decisicm  purposes  despite  its  weaker 
QA/QC  procedures. 

The  research  objectives  of  this  study  establish  a  set  of  criteria  forjudging  the  overall 
quality  of  anal)'tical  data  for  its  use  in  many  aspects  of  the  CERCLA  process;  specifically  the 
baseline  risk  assessmoit.  The  main  purpose  of  these  standards  is  for  use  in  evaluating  the 
useability  of  field  goierated  environmoital  data.  Data  generated  via  CLP  protcxml  with  its  extreme 
QA/QC  procedures  typically  requires  ccmsiderable  time,  alcmg  with  the  omsiderable  costs,  as 
compared  to  the  gaieraticm  of  field  data.  Ahhou^  the  addhicmal  costs  associated  with  CLP  data 
result  in  data  of  the  highest  QA/QC,  this  hi^er  level  of  QA/QC  may  not  be  necessary  to  generate 
useful  data.  Field  generated  data  can  be  increasingly  relied  uprm  for  expediting  the  decisicm 
process  and  reducing  program  costs.  This  study  also  compares  field  gmerated  data  with  a  baseline 
of  CLP  goierated  data  to  display  that  field  data  consists  of  sufficient  accuracy  and  precisicm  (as 
conqiared  to  CLP  data)  for  use  in  CERCLA/IRP  remedial  decisions. 

Scope  of  Research 

The  scope  of  the  research  was  to  establish  statistically  based  criteria  for  evaluating  the 
overall  quality  of  analytical  data  for  use  in  an  mvironmental  risk  assessment.  These  criteria  were 
then  used  to  evaluate  existing  quality  assurance  and  quality  ccmtrol  data  from  differing  media  and 
on  differing  contaminants.  Actual  data  from  cmgoing  Air  Force  IRP  studies  was  gathered  and 
utilized  in  the  application  of  the  established  criteria.  The  evaluaticm  concentrated  specifically  on 
data  from  Operable  Units  1  and  2  at  Wright-Patters<m  AFB. 
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The  media  most  commonly  sampled  and  analyzed  for  hazardous  waste  cortamination  at 
CERCLA/IRP  site  are  soils  and  ground  water.  This  is  true  for  the  WPAFB IRP  projects  and  is 
\^here  the  vast  majority  of  the  field  analytical  data  exists.  Therefore,  this  study  was  limited  to  the 
evaluation  of  the  useability  of  field  analyses  on  soih  and  ground  water  (the  primary  exclusioi 
being  the  air  media). 

There  are  three  categories  of  organic  analyses;  volatile,  base/neutral/acid  extractables  (or 
semi-volatiles),  and  pesticides/PCBs  (Neilsen,  1991  ;5 16).  This  study  was  also  limited  to  the 
establishmoit  of  quality  standards  for  Volatile  Organic  Compounds  (VOCs)  and  the  evaluation  of 
useability  of  VOCs.  Specific  VOC's  used  were:  benzaie,  toluene,  ethylboizene,  xyloie, 
t^rachloroethene,  trichloroethene,  carbon  t^rachloride,  ddoroform,  and  l,l,l^richloroethane. 
These  r^resent  the  most  conmuxi  fuel  and  solvent  conqxments  known  to  pose  a  threat  to  human 
health  and/or  the  environment  (Table  1).  This  limitation  is  apprq)riate  since  a  majority  of  the 
Superfund  sites  are  contaminated  by  petroleum  products  and  byproducts,  the  primary  constituents 
of  cOTcera  being  VOCs.  Of  all  sites  to  be  investigated  and  remediated  in  the  intermediate  term  (3- 
5  years),  60%  of  them  have  VOC  contamination  (Foley,  1994).  This  holds  true  with  U.S.  Air 
Force  IRP  site  contaminaticm  where  60%  of  the  sites  involve  petroleum  products  (Walsh,  1994). 
Volatile  organics  also  typically  have  very  low  acc^jtable  concoitration  limits  (e.g.,  clean-up 
standards  or  drinking  water  standards)  vdiich  make  them  a  worse  case  represCTtatirai  of 
ccmtaminants  for  this  evaluation. 


TABLE  1 

VOC  PREVALENCE  AT  CONTAMINATED  SITES 
"USA  Superfund  Sites" 


Rank 

% 

Tridiloroethene 

1 

35 

Toluene 

3 

27 

Benzene 

5 

23 

Chloroform 

6 

20 

1,1.1-TCA 

8 

17 

Tetradiloroethene 

9 

17 

Xylaie 

14 

13 

Ethylbenzaie 

15 

12 

Carbon  Tetradiloride 

27 

7 

6 


(SiegrisL  1991) 


The  quality  standards  established  herein  were  applied  to  both  on-site  and  CLP  data  s^  to 
assess  the  useability  of  each  for  IRP  (and  other  CERCLA  programs)  decisioi  making.  Details  of 
analytical  techniques  for  field  methods  and  off-site  methods  are  not  reviewed  or  assessed,  but  the 
methodologies  and  analytical  quantification  limits  used  are  appropriately  identified.  The 
application  of  the  quality  standards  indicates  similarities  between  on-site  and  CLP  data  quality 
performance.  This  indicates  an  qjportunity  for  cost  and  time  savings  in  restoration  programs  with 
a  very  limited  sacrifice  in  overall  data  quality,  and  thus,  decisicm  uncertainty. 
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n.  BACKGROUND 


CERCLA  and  the  IRP 

In  1980,  in  resp<mse  to  the  growing  concerns  over  past  waste  disposal  sites  and  their 
potential  adverse  efiects  on  human  health  and  the  environment,  omgress  passed  the  Comprehensive 
&ivir(aimaital  Respcmse,  Con:^)ensaticxi,  and  Liability  Act  (CERCLA).  The  purpose  of  this 
r^ulatiai  was  to  identify,  investigate  and  remediate  all  past  hazardous  waste  disposal  sites  to 
clean-iq)  anthrqxsgenic  ccntaminatioa  in  the  envircmment;  and  to  prevent  any  further  degradatioi 
and  existing  or  potoitial  risks  to  human  health.  The  Department  of  Defense  has  established  the 
Installatioi  Restoraticxi  Program  (IRP)  to  fulfill  its  responsibilities  to  meet  the  requirements 
established  under  CERCLA  and  amended  the  program  as  required  by  the  Superfimd  Amendments 
and  Reauthorizatirm  Act  (SARA).  The  clean-up  process  specified  in  the  National  Ccmtingaicy 
Plan  (NCP),  the  irrqrlementing  regulation  for  CERCLA  mirrored  in  the  IRP,  involves  procedural 
stqrs  to  assure  the  systematic  and  complete  removal  of  all  health  threats  posed  by  hazardous 
contamination  within  the  environment. 

Once  a  site  is  identified  by  one  of  many  available  administrative  or  technical  medianisms 
(Preliminary  Assessmerrt)  the  initial  cm-site  st^  is  to  verify  the  presaice  of  an  existing  or  potential 
unaccqrtable  level  of  hazardous  constituoits  in  the  oivircximent  (Site  Inspection).  The  NCP 
specifies  that  this  stqr  is  necessary  to  collect  or  develqr  additional  data,  as  appropriate,  to  better 
diaracterize  the  site  for  a  more  effective  and  rapid  initiation  of  the  following,  more  detailed, 
investigations  or  respcmse  (Federal  Raster,  1990:8845).  This  st^  may  require  some  collection 
and  laboratory  analysis  of  oivircxunoital  media  samples  sudi  as  soils,  surfoce  waters,  ground 
waters,  air,  or  wastes. 

hi  planning  for  follow-on  investigatory  work,  or  during  the  site  inspection,  the  EPA 
identifies  the  need  for  a  Limited  Field  Investigation  (LFI)  to  gather  data  for  completion  of  a  site 
concqitual  model  defining  all  potential  contaminant  transport  medianisms,  pathways,  and 
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receptors.  Data  to  be  collected  for  this  purpose  should  be  restricted  to  that  which  is  easily 
attainable  in  a  quick  manner  (EPA,  1991a:242).  This  would  be  an  ideal  opportunity  for  the  use  of 
field  instrumentatioi. 

The  following  stage,  the  Remedial  bivestigatioiyFeasibility  Study  (Rl/FS),  is  intended  to 
fully  draracterize  the  existing  site  additions  including  levels  of  contaminatiai  and  extent  of 
contamination  and  evaluate  potential  remedies  (Federal  Register,  1990:8847).  The  EPA  stresses 
the  importance  of  the  R^edial  Investigation/Feasibility  Study  (Rl/FS)  stage  of  the  CERCLA 
process  due  to  its  fiiree  main  objectives.  First,  the  RI  is  intended  to  be  a  complete  field  program 
for  collecting  data  of  known  and  accq)tabie  quality  to  evaluate  the  type,  extent,  and  magnitude  of 
contamination  in  all  environmental  media.  Seccxid,  the  Rl/FS  is  also  used  to  determine  the  presort 
and  future  risks  to  human  health  and  the  environmoit  posed  by  an  IRP  site.  The  last  objective  of 
the  Rl/FS  is  to  develq)  and  evaluate  all  practical  remedial  action  (clean-up)  alternatives  (EPA, 
1991a:2-23).  To  sufficiently  meet  aU  of  these  objectives  of  the  Rl/FS  a  facility  must  conduct 
significant  environmental  sampling  and  analysis  to  conqrlete  an  accurate  assessmoit  of  the  curroit 
contaminant  make-up  and  distribution  at  the  site.  This  can  mean  the  coUectiai  and  analysis  of 
hundreds  to  thousands  of  environmoital  samples. 

The  final  stages  of  the  CERCLA/IRP  process  involve  the  selection  of  the  appropriate  site 
remedy,  design  of  the  remedial  actim  (or  clean-ip),  and  implementation  of  the  selected  remedial 
action  including  any  follow-on  operatiais/maintenance  or  loig-term  monitoring.  These  stages 
involve  dieniical  and  analytical  testing  for  the  purpose  of  determining  the  achievement  of  clean-up 
action  levels  as  specified  in  the  site  Record-of-Decisim  (ROD)  (Federal  Register,  1990:8852). 
Once  all  this  is  complete,  or  at  any  time  during  the  process  that  analyses  show  a  site  presents  no 
threat,  the  site  is  amsidered  to  be  "clean”  and  eliminated  from  further  IRP/CERCLA  action. 
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Necessary  Level  of  Analytical  Accuracy  and  Precision 

Within  the  US  EPA  guidance  documentaticxi  there  are  numerous  referoices  to  "data  of 
accqjtable  quality,"  "legally  defeisible  data,"  and  "appropriate  quality  caitrol  and  documaitati<Mi" 
[EPA,  1990:46]  but  there  is  no  definitiai  of  standards  for  these  criteria.  Although  the  Craitract 
Lab  Program  (CLP)  protocol  in  the  EPA's  CLP  Statement  of  Work  specifies  accqjtable  analytical 
procedures,  the  C(X)tract  Required  Quantitation  Limits  (the  chemical  specific  quantitation  levels 
that  the  CLP  requires  to  be  routinely  and  reliably  quantitated  in  specified  san^le  matrices)  are 
listed  but  also  recognized  as  not  always  adiievable  (EPA,  1991c:C-l).  This  is  proof  that  although 
the  EPA  strives  for  data  of  utmost  quality,  accuracy,  and  precisicxi,  the  definitions  of  such  are  very 
ambiguous  and  therefore  specifications  for  accqjtable  data  in  the  CERCLA/IRP  decisicm  making 
process  are  not  clearly  defined.  As  a  result,  there  is  mudi  room  for  evaluating  the  relative 
accuracy  and  precision  of  the  stringent  ofT-ske  analytical  procedures  and  its  true  benefits  when 
con^ared  to  the  costs  associated  wifo  goierating  sudi  data. 

The  above  descriptioi  of  die  CERCLA  or  IRP  process  indicates  that  there  are  caisiderable 
steps  in  a  restorati(»  program  that  require  the  collection  and  analyses  of  samples.  There  are  three 
generaUy  recognized  levels  of  data  based  on  the  mode  of  generation  potentially  affected  difformtly 
by  any  federal  data  quality  standards;  field  screening,  field  analysis,  and  off-site  analysis  (Table  2). 
"Field  screening"  techniques  are  used  to  generate  the  most  basic  type  of  data.  Field  screening 
methods  can  offer  an  inchcaticxi  of  the  presence  or  absence  of  a  chemical  class  and  possibly 
Ai^^er  that  chemical  class  is  above  or  below  a  threshold  level,  but  is  rarely  used  to  quantify 
chemical  specific  informaticxi  (EPA,  1993b; lO-l).  "Field  analysis"  methods  are  of  hi^er 
reliability  and  wider  use  since  they  can  provide  chemical  specific  quantitative  data  in  the  field 
(usually  in  a  field  lab)  (EPA,  1993b:  10-1).  "Off-site"  or  "fixed"  lab  analyses  are  conducted  in  a 
permanent  laboratory  away  fi'om  the  hazardous  waste  site  which  maintains  a  strictly  controlled 
environmoit  for  assuring  minimal  interference  with  sample  analyses.  This  study  will  pursue  the 
establishment  of  evaluation  criteria  for  the  performance  of  field  analyses  based  on  typical 
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performance  of  off-site  analyses  and  will  evaluate  the  capabilities  of  field  analyses  to  meet  these 
standards. 


TABLE  2 

TYPES  OF  DATA  COLLECTION 


TYPE 

EXAMPLE 

ADVANTAGES 

DISADVANTAGES 

Field  Screening 

Photo 

I<xuzatiai/Flame 

Irmization 

-Portable 

-Immediate 

Turnaround 
-Less  Expensive 

-Limited  to  Particular 
Chemical  or  Chemical 
Class 

-Only  Relative 
Concoitrations,  Not 
Chemical  Specific 

Field  Analytical 

Field  Gas 

Chromatograph  (GC) 

-Chemical  Specific 
Analyses 

-Quick  Tumaroimd 
-Less  Eiqiensive 
-Lower  Detection 
Limits 

-Limited  QA/QC 
-Ambient  (Lab) 
Envirrximental  Effects 
Difficult  to  Cmtrol 

Fixed  Lab 

GC/MS 

-Ambient  (Lab) 
Ehvircximental 

Cwitrol 

-Hipest  (Qualitative 
Analyses 

-Most  Eiqiensive 
-Laigthy  Tumaroimd 

Reliance  on  EPA  Contract  Lab  Program 

The  US  EPA  has  established  smne  very  stringent  analytical  and  QA/QC  procedures  for  the 
off-site  analyses  of  environmental  samples  in  its  performance  of  Superfond  hazardous  waste  site 
restoration  projects.  The  development  and  implementation  of  these  procedures  is  to  assure  legally 
defensible  analytical  results.  Ihider  it's  Ccmtiact  Lab  Program  (CLP),  the  EPA  establishes 
protocols  centered  around  clear  and  consistent  "data  acceptance  criteria  which  results  in  data  of 
known  quality  produced  in  a  standardized  package"  (EPA,  1990:3).  All  EPA  coitracted 
laboratories  are  meant  to  follow  these  protocol.  This  legal  defensibihty  of  data  is  based  on  a 
detailed  data  validation  process  wfoch  idoitifies  potential  areas  of  data  weakness  through  EPA  on¬ 
site  (laboratory)  evaluations,  performance  evaluations,  diain-of-custody  evaluations  and  quality 
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assurance  audits  of  data  (Moody,  1992:12).  Despite  this  intense  and  thorough  review  of  data 
quality  it  can  in  no  way  capture  and  eliminate  all  possible  error  associated  with  sanqiling  and 
analysis  procedures. 

These  stringent  protocols  for  analytical  procedures  and  reporting  requiremaits  are  oftoi 

used  in  the  completion  of  CERCLA  investigative  work  (especially  in  DOD IRP  actions)  with  the 

intent  that  the  resulting  data  will  meet  the  sq^roval  of  overseeing  regulatory  agencies  and  thus  be 

accqrtable  to  the  general  public.  The  oivironmoita!  r^latory  agencies,  as  a  precautionary 

measure,  have  adopted  policies  that  idoitified  hazardous  waste  sites  potoitially  pose  a  serious 

threat  to  human  health  and  the  environment.  Until  appropriate  investigaticxis  of  the  enviroimoit  at 

and  surrounding  a  site  can  disprove  these  conservative  assumpticms  the  agoicies  and  the  public 

view  diese  sites  as  threats.  Due  to  these  regulatory  policies  and  public  caution  the  use  by  federal 

fecilities  of  EPA  procedures  can  give  data  a  veil  of  reliability.  Regulatory  and  public  "accqatance” 

of  focility  operator  generated  data  is  deemed  especially  crucial  when  the  lead  agency  makes  a 

decision  that  a  site  does  NOT  pose  a  health  threat  and  remedial  efforts  will  be  discontinued.  This 

"No-Further-Action"  decision  is  typically  made  based  on  extremely  low  levels  of  contamination  or 

no  identifiable  contamination.  Thus,  this  is  vdiere  tibe  importance  of  accurate  contaminant 

identification  and  quantification  capabilities  becomes  crucial. 

There  is  a  growing  concern  over  a  false  sense  of  security  from  reliance  on  CLP  protocol  to 

assure  data  of  the  utmost  quality  and  accuracy.  In  their  paper  titled  "Data  Quality  Management 

Under  Superfund:  The  Cost  of  Quality",  I%illip  Doherty  et  al  recognize  this  weakness  in  CLP  due 

to  a  lack  of  commitment  to  quality.  They  state: 

Commitment  is  not  simply  following  a  protocol  or  performing  a  data  validatiai.  Rather,  it 
is  the  conscious,  collective  effort  of  the  contractor,  the  lab,  the  client,  and  the  regulatory 
authorities  to  woiic  toward  addressing  and  solving  problems  as  they  occur  and  not  wait 
until  the  final  rqx)rt  is  issued.  (Ddherty,  1992:188) 

This  statCTMnt  recognizes  the  increasing  problem  of  relying  on  protocols,  such  as  CLP  protocols 

instead  of  professional  judgment  to  judge  data  quality.  R  is  further  recognized  that  CLP  protocols 
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area<aa  speciSc  requiremait  of  work  conducted  by  die  lead  agency  (e.g.,  Air  Force,  Army,  DOE, 
etc.)  and  that  project  specific  standards  can  be  established  as  long  as  they  meet  the  approval  of  the 
EPA  prior  to  initiatiai  and  accqrtance  of  the  analytical  work  (this  is  true  for  NPL  sites  and  a 
generally  accepted  practice  at  ncm-NPL  sites).  The  CLP  program  is  not  a  lab  certification  program 
but  is  strictly  a  (xxrtractual  arrangement  with  participating  labs  which  are  required  to  pass  cm-site 
audits  and  to  successfully  assess  performance  evaluaticm  (PE)  samples  (Nielsai,  1991  ;53 1). 
Therefore,  any  ofiP-site  lab  can  meet  the  standards  established  by  the  CLP  (via  audits,  PE  samples, 
etc.)  but  not  actually  be  a  participant  in  the  EPA's  lab  program.  As  a  result,  those  sites  that  do  not 
use  the  CLP  protocol  will  typically  amtinue  to  use  off-site  laboratories  with  someudiat  differoit 
protocols  but  will  still  be  sufficiently  strict  adeeming  procedures  and  rqx^rting  requiremoits  to 
assure  reliable  results  that  are  accqjtable  to  the  regulators.  Either  way,  the  costs  for  such  off-site 
analyses  and  the  time  for  generatitm  and  verification  of  results  are  hi^.  EnvircMunental  project 
managers  should  weigh  the  actual  benefits  of  an  increased  comfort  level  with  CLP/off-site  results 
as  compared  to  a  less  expensive  and  otherwise  sufficiently  accurate  method  of  data  goieration 
(e.g.,  field  analytical). 

Part  of  the  reason  for  DOD  programs  using  CLP  protocol  to  the  great  extent  they  are  is  the 
language  in  the  various  EPA  guidance  documents  oicouraging  the  use  of  CLP  procedures  for  the 
gmeration  of  "data  of  sufficient  quality."  Although  these  guidance  documents  are  writt»  for  use 
by  EPA  Superfund  project  managers  they  are  adopted  by  federal  agencies  in  completion  of  all  of 
their  programs  to  assure  consistency  and  accqitability.  Furthermore,  EPA  project  managers  use 
these  guidance  documents  in  their  oversig)it  of  DOD  led  IRP  programs.  Ihe  reliance  on  CLP 
procedures  for  data  quality  may  be  excessive  based  mi  the  ultimate  use  of  the  data  in  the  decisimi 
process.  There  are  more  simplified  methods  available,  such  as  use  of  field  laboratory  analyses,  at 
considerably  lower  costs  offering  data  of  sufficient  dependability  for  risk  assessment  purposes.  An 
interesting  note  is  that  an  RI/FS  budget  for  an  EPA  led  Superfund  inv^gatimi  does  not  include 
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CLP  costs  (EPA,  1990:26).  Therefore,  the  higji  cost  of  CLP  dependmcy  by  the  EPA  is  not  readily 
visible  in  a  review  of  the  clean-up  program. 

EPA  Data  Quality  Objectives 

As  a  guidance  to  the  remedial  project  manager  the  US  EPA  has  established  a  Data  Quality 
Objectives  (DQO)  process  to  "help  site  managers  decide  what  type,  quality,  and  quantity  of  data 
will  be  sufficient  for  envircnmental  decisicxi  making"  (EPA,  1993a;4).  The  EPA,  in  its  DQO 
guidance  document,  recognizes  that  cne  of  the  primary  goals  of  the  DQO  process  is  to  establish  a 
balance  between  accqitable  limits  of  decision  errors  and  the  cost  of  meeting  those  limits  (EPA, 
1993a;4).  It  is  in  this  balance  between  necessary  data  quality/quantity  and  cost  of  acquiring  such 
data  that  the  overaU  costs  of  the  IRP  prc^ram  can  be  evaluated  and  streamlining  measures 
developed  and  implemented. 

The  EPA's  Guidance  for  Conducting  Remedial  Investigations/Feasibility  Studies  for 
CERCLA  Municipal  Landfill  Sites  includes  the  following  description  of  the  various  levels  of  data 
based  on  the  Df^ls; 

Level  I  is  foe  lowest  quality  data  but  provides  foe  fiistest  results.  Field  screening  or 
analysis  provides  Level  I  data.  It  can  be  used  for  health  and  safety  monitoring  and 
preliminary  screening  of  samples  to  identify  those  requiring  confirmation  san:q)iing  (Level 
rV).  The  generated  data  can  indicate  foe  presoice  or  absence  of  certain  constituents  and  is 
generally  qualitative  rather  than  quantitative.  It  is  foe  least  costly  of  foe  analytical  options. 

Level  II  data  are  generated  by  field  laboratory  analysis  using  more  sophisticated  portable 
analytical  instruments  or  a  mobile  laboratory  on-site.  This  provides  fost  results  and  better- 
quality  data  than  in  Level  I.  The  analyses  can  be  used  to  direct  a  removal  actioi  in  an 
area,  reevaluate  sanqrling  locations,  or  direct  installation  of  a  monitoring  well  networic. 
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Level  III  data  may  be  obtained  by  a  commercial  laboratory  with  or  without  CLP 
procedures.  The  analyses  do  not  usually  use  the  validation  or  documaitatiai  procedures 
required  of  CLP  Level  IV  analysis.  The  analyzed  parameters  are  relevant  to  the  design  of 
the  remedial  acticm. 

Level  IV  data  are  used  for  risk  assessment,  aigineering  design,  and  cost  recovery 
documentaticHi.  All  analyses  are  performed  in  a  CLP  analytical  laboratory  and  follow 
CLP  procedures.  Level  IV  is  characterized  by  rigorous  QC  protocols,  documentaticm,  and 
validation. 

Level  V  data  are  those  obtained  by  nonstandard  analytical  procedures.  Method 
devel<^ment  or  modificaticm  may  be  required  for  specific  ccmstituents  or  drtecticm  limits. 
(EPA,  1991a;2-38) 

As  can  be  seoi  by  these  data  level  definitions  by  the  EPA,  analytical  data  generated  by  a 
field  lab  (Level  n  data)  is  2y}pr<^riate  for  use  as  a  field  decisicxi  tool  but  not  for  the  more  critical 
uses  of  remedial  design  and  risk  assessment.  These  definitions  clearly  state  that  Level  IV  data,  that 
goierated  by  CLP  procedures,  are  necessary  for  risk  assessm^  purposes.  When  conducting  a  site 
investigatioi  (e.g.,  an  RI/FS)  the  project  managemait  team  would  certainly  wish  to  minimize  any 
duplication  of  efforts  and  costs  firom  collecting  two  separate  types  of  data  for  two  different  decisitxi 
uses.  Therefore  it  would  be  shrewd  to  make  maximum  use  of  data  g^erated  by  the  most 
economical  but  accurate  method.  This  could  be  done  by  not  only  utilizing  the  field  goierated  data 
for  on-site  decisions  r^rding  delineation  of  nature  and  extort  of  contaminatitxi  but  to  also  use  the 
data  in  the  risk  assessment  conducted  for  the  site  and  in  the  remedial  design  of  the  selected  clean-up 
alternative.  The  EPA  identifies  these  as  two  clearly  s^rate  categories  of  data  needs  (EPA, 
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1990:23)  and  this  paper  pursues  the  possibility  of  generating  economical  data  that  is  usable  for 
bodi. 

Ahhou^  the  above  levels  of  data  may  be  differentiated  by  different  types  of  analytical 
equipment  used,  the  primary  variable  amongst  the  levels  is  the  extent  of  QA/QC.  Therefore,  the 
EPA  desires  data  generated  by  CLP  lab  procedures  specifically  for  the  inherent  QA/QC 
assurances.  This  study  investigates  the  perceived  need  for  the  Level  IV  QA/QC  for  data  used  in 
risk  assessments. 

Potential  for  Increased  Reliance  on  Field  Analyses 

As  we  have  seoi  through  the  assessment  of  current  EPA  guidance  and  past  practices  by 

DOD  facilities  conducting  IRP  investigations  the  trend  is  to  use  field  analytical  techniques  only  for 

quick  "in-the-field"  decisions  and  rely  on  ofF-she  or  CLP  lab  techniques  for  generating  the  data 

used  for  risk  assessmoit,  remedial  design,  and  other  crucial  decision  processes.  Despite  the  trends 

toward  reliance  on  off-site  generated  data,  and  the  suggestion  to  do  so  as  established  in  certain 

EPA  guidance,  the  EPA  and  others  recognize  that  an  increased  reliance  on  field  analytical  data  is 

possible.  The  EPA  guidance  Data  Quality  Objectives  Process  for  Superfund  states; 

It  is  important  not  to  rule  out  any  alternative  analytical  or  field  sampling  methods  due  to 
preconceptions  about  whether  or  not  the  method  is  "good  enou^."  Traditional  lab 
methods  toid  to  minimize  measurement  error,  but  they  can  be  so  expensive  that  only  a 
limited  number  of  samples  can  be  analyzed  within  the  budget.  There  may  often  be 
advarrtages  to  using  less  precise  methods  that  ate  relatively  inexp^sive,  thereby  allowing  a 
significantly  larger  number  of  samples  to  be  taken.  Sudr  a  design  would  trade  off  an 
increase  in  measurement  error  for  a  decrease  in  sampling  error.  (EPA,  1993a;39) 

Ahhougjr  this  i^ilosophy  does  not  help  in  the  reduction  in  overall  site  costs  due  to  the  "decrease  in 

quality  for  increase  in  quantity"  attitude,  it  does  recognize  that  other,  less  stringent,  methods  are 

accqrtable.  The  EPA's  Guidance  for  Data  Useability  in  Risk  Assessment  documoit  again 

recognize  i  this  potential  for  trading  off  quality  for  quantity  but  also  goes  ore  further  by 

stating; 
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...field  analysis  or  fixed  labs  [other  than  CLP]  can  produce  data  of  acceptable  quality  at 
equal  or  lower  cost  than  file  CLP.  Accordingly,  RPMs  and  Risk  Assessors  should  not  use 
the  CLP  as  a  default  q}ti(»i,  but  should  seek  the  source  of  data  that  best  meets  the  data 
quality  needs  of  Risk  Assessments.  (EPA,  1990:3) 

From  a  r^latory  stant^xiint,  the  door  is  open  for  responsible  parties  at  CERCLA  sites  to 
optimize  the  use  of  field  goierated  data.  Before  this  can  be  widely  accepted  there  needs  to  be  a 
resoluticHi  of  certain  issues.  These  issues  include:  resolution  of  necessary  quality  assurance  at 
field  labs;  establishing  a  track  record  of  experiences  with  field  methods  and  comparisons  with  off¬ 
site  lab  data;  resolving  administrative  problems  from  outmoded  regulatory  guidance  and  state 
reimbursement  policies  (Robbins,  1992:8). 


Ffold  Analysis  Versus  CLP  (or  Off-site)  Analysis 

When  developing  a  sampling  and  analysis  program  for  a  CERCLA/IRP  remedial 

investigaticsi  the  tradeoffs  amrmg  using  on-site  generated  field  analytical  data  versus  reliance  oa 

off-site  or  CLP  generated  data  must  be  evaluated  (Table  3). 

TABLE  3 

TRADEOFFS  BETWEEN  USE  OF  FIELD  AND  FIXED  LABORATORIES 


CHARACTERISTIC 

FIELD  ANALYSIS 

FIXED  LABORATORY 
ANALYSIS 

Preveniion  of  False 
Negatives 

Immediate  analysis  means 
volatiles  not  lost  due  to  shipmoit 
and  storage. 

More  extensive  sample 
preparation  available  to  increase 
recovery  of  analytes. 

Prevention  of  False 
Positives 

No  sanqjle  to  sample 
caitamination  during  shipment 
and  storage. 

Contamination  by  laboratory 
solvents  minimized  by  storage 
away  from  analytical  system. 

Analytical  Turnaround 
Time 

Data  available  immediately  or  in 
up  to  24-48  hours  (additional 
time  necessary  for  data  review). 

Data  available  in  7-35  days  at 
non-CLP  labs  unless  quick 
turnaround  time  requested  (at 
increased  cost).  This  time 
increases  to  3-5  months  with 

CLP  data  due  to  the  extensive 
data  validation  process. 

Sample  Preparation 

Limited  ability  to  prepare 
sanqjles  prior  to  analysis. 

Samples  can  be  extracted  or 
digested,  thereby  increasing  the 
range  of  analyses  available. 

Cost  of  Acquisitioi 

1 

1 

! 

Cost  is  relatively  low  for 
individual  organics  analyses. 
(More  samples  may  be  collected 
for  increased  precision  and 
accuracy.) 

Cost  is  relatively  high. 

(Individual  analyses  provide 
better  precision  and  accuracy.) 
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Source:  (EPA.  1990:46) 


Althougjh  off-site  analyses  offer  the  most  stringort  quality  control  and  quality  assurance  activities, 
there  are  associated  drawbacks  with  reliance  cm  off-she  lab  data  for  decision  making  purposes. 
Prof.  Gary  Robbins  of  the  University  of  Connecticut  identifies  several  of  these  in  his  paper  titled 
"Application  of  Field  Screoiing  Methods  for  Expediting  and  Inq>roving  Underground  Storage  Tank 
(UST)  Site  Assessments"  (Robbins,  1992:8).  The  reliance  on  off-site  lab  data  can  result  in  drawn 
out  site  assessments  due  to  the  length  of  time  required  for  samples  to  be  collected,  shipped, 
analyzed  and  the  analytical  results  received.  This  was  sear  at  the  Wright-Patterson  Operable  Unit 
2  Remedial  Investigatirxi  whidi  scheduled  three  rounds  of  analyses,  each  of  which  having  a  turn 
around  time  for  lab  analytical  results  of  approximately  4  months  (Bigineering-Science,  1992:25). 
The  tumaroimd  time  for  field  goierated  data  is  measured  in  hours  versus  the  typical  time  for  CLP 
data  of  3-5  months.  The  RI/FS  is  intended  to  be  an  iterative  process  witii  analytical  results  fed 
back  into  the  oigoing  design  of  field  investigations.  Therefore,  the  quicker  availability  of 
analytical  results  for  inclusioi  in  follow-<»  investigaticm  design  will  lead  to  a  more  complete, 
accurate,  and  economical  site  study.  Use  of  field  labs  for  data  generation  can  benefit  this  more 
rapid  investigation  feedback. 

Another  drawback  of  reliance  on  off-site  analyses  is  the  potential  for  the  further 
exacerbation  of  site  problems  vfiile  awaiting  analytical  results.  For  example,  while  awaiting  the 
lengthy  return  of  data  for  making  remedial  acticm  decisiois,  vfiat  was  originally  a  fairly  isolated 
plume  of  highly  contaminated  ground  water  may  spread  to  a  larger  extent  and  potentially  reaching 
drinking  water  supplies  or  other  sources  of  direa  exposure  pathways.  Or  in  a  worse  situaticxi,  a 
case  of  ongoing  human  exposure  may  be  allowed  to  continue  unnecessarily  while  awaiting  data 
results  identifying  the  dangerous  exposure  level. 

There  is  also  an  inflexibility  in  the  on-site  selecticm  of  qjtimal  sampling  locations  due  to 
the  lack  of  having  expedited  analytical  results  aa  hand.  This  can  result  in  the  oversi^  of  critical 
contaminant  padiways  or  exposure  routes  evaluated  in  the  risk  assessment  for  the  site.  By  using  a 
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field  analytical  process  with  rapid  return  of  results,  one  can  make  decisions  on-site  as  to  follow-on 
sanq)le  locaticxis  to  assist  in  the  answering  of  questions  with  r^rd  to  contaminant  transport 
directions  or  limits  of  harmful  (xmcentrations.  This  would  maintain  investigation  mmnentum  and 
avoid  unnecessary  demobilization  and  remobilization  costs. 

The  final  diriment  with  off-site  analyses,  (me  previously  idoitified,  is  the  inheroit 
increased  costs.  Field  results  can  be  generated  at  less  than  half  the  cost  of  a  sample  analyzed  via 
CLP  prouxml.  Table  4  below  compares  the  costs  cm  a  per  sample  basis  of  analytical  woik 
performed  at  Wri^-Patters(m  AFB  Operable  Unit  5  whi<^  both  used  (m-site  and  off-site  CLP 
analyses. 


TABLE 4 

APPROXIMATE  COSTS  FOR  FIELD  AND  CLP  ANALYSIS 
FOR  VOLATILE  ORGANICS 


CLP  Analyses 

On-site  Analyses 

Analytical  Cost^ 

$303.00 

$192.00 

Validaticm  Cost* 

80.75 

— 

Shipping  Cost^ 

18.75 

— 

Total  Cost 

$402.50 

$192.00 

1  Data  fiom  WPAFB  OUS  actual  costs 

2  from  Cressman,  1991:336 


The  disadvantages  of  field  generated  data,  as  recognized  by  the  EPA  in  their  guidance 
dtxnunent  for  "Subsurfoce  Characterizatitm  and  Monitoring  Techniques"  (EPA,  1993b;10-l), 
include  the  following:  QA/QC  is  mu(^  more  difficult  in  the  field;  there  is  less  sophisticated 
equipment  and  in  combination  with  the  more  diallenging  QA/QC  the  detection  Umits  are  generally 
higher  and  precisi<m  and  accuracy  lower  compared  to  CLP  labs;  and  due  to  the  previous  two 
disadvantages  the  data  would  be  more  liable  to  challenge  during  future  litigaticm.  This  study  will 
show  that  field  analyses  can  be  completed  with  appropriate  QA/QC  to  assure  the  resulting  data  are 
of  sufficient  quality  and  that  the  detecticm  limits  for  field  analyses  are  appropriate  for  the 
assessment  of  contamination  levels  of  (xmcem. 
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Potential  Error 


Within  any  poiti<m  of  the  CERCLA/IRP  process  there  is  the  potential  for  error  in  the 
various  decisiois  necessary.  Assuming  that  the  project  manager  responsible  for  the  decisioi  makes 
the  appropriate  decision  inteUigently  and  with  all  available  data,  the  decisioi  error  is  a  resuh  of 
total  study  error  consists  of  two  parts:  saniq>ling  error  and  measurement  error.  San:q}ling 

error  results  A\hen  the  actual  collection  of  samples  in  the  field  is  unable  to  accurately  capture  the 
true  state  of  the  envirrximent  due  to  natural  variability  of  ccxitamination  and  die  various  media  in 
viiidi  it  exists  (EPA,  1993a:30).  The  precise  assessment  of  this  type  of  error  is  iirpossibie. 
Possibly  the  only  way  to  minimize  or  control  this  type  of  error  is  to  increase  the  number  of  sample 
locatiois  to  increase  the  probabilities  of  true  r^resentation  of  the  envirxximent.  This  would  oily 
result  in  increased  costs,  eqiecially  if  ofiP-site  analyses  are  being  used.  The  point  of  diminishing 
returns  on  the  investment  in  an  effort  to  lessoi  the  potoitial  error  is  reached  much  more  slowly  if 
there  is  a  lower  cost  per  anal3rsis  as  would  be  with  an  on-site  laboratory. 

Measurement  error  results  firom  the  combination  of  insufficiencies  in  sarrple  coUectioi, 
sanqile  handling,  sample  preparaticxi,  sample  analysis,  data  reduction  and  data  handling  (EPA, 
1993a:30).  This  type  of  error  is  easier  to  axitrol  by  increasing  QA/QC  requir^ents,  but  in  the 
case  of  CLP  data  generation  there  is  a  heightoied  potential  for  error  due  to  the  increased  sample 
handling,  data  reduction  and  data  handling  It  is  die  responsibility  of  the  site  manager  to  balance 
the  desire  to  minimize  decisioi  errors  to  accqitable  levels  with  the  costs  associated  with  reducing 
such  error.  In  other  words,  is  the  cost  associated  with  limiting  potential  measuremoit  error  by 
using  an  off-site  lab  truly  necessary  or  can  field  analyses  be  used  to  generate  data  of  sufficient 
quality?  The  EPA  states  that  (me  of  the  goals  of  the  Data  Quality  Objectives  pixxiess  is  to  assist 
decision  makers  in  the  planning  process  to  establish  a  balance  between  accqitable  limits  cm 
decisicm  error  and  the  cost  of  meeting  these  decision  error  limits  (EPA,  1993a;4).  Furthermore,  it 
recognizes  that  study  error  is  not  conpletely  avoidable  and  in  planning  for  an  RI  the  remedial 
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project  maaager  must  assure  that  established  uncertainty  levels  are  acceptable,  known  and 
quantifiable,  not  that  uncertainty  be  eliminated  (EPA,  1990:4). 

These  two  types  of  error  can  be  further  segregated  into  errors  associated  with  systematic 
influences  and  those  due  to  randomness  in  the  environment  and  media.  The  randcmi  portion  of 
error  is  that  vdiidi  is  basically  uncontrollable  without  simply  increasing  the  number  of  samples 
collected  and  analyzed  (Neptune,  1991).  The  systematic  error  is  that  associated  with  sampling  and 
measurement  bias  and  is  more  influenced  by  rigorous  QA/QC  procedures.  Haice,  this  study  is 
centered  on  syst^natic  measurement  error;  that  which  is  most  influenced  by  the  type  of  analytical 
equ^moit  and  procedures  used. 

When  non-probabilistic  san:q)ling  jqjproadies  are  used,  sudi  as  judgmental  decisims  by  a 
project  manager  for  sample  locations,  quantitative  statements  about  data  quality  are  limited  to  the 
measurement  error  conqKnent  of  total  study  error  (EPA,  1993a;38).  Due  to  various  limitatiais  to 
probabilistic  sampling  methodologies  sudi  as  topographical  or  construction  inq)edance,  and  the 
common  involvement  of  professi<mal  judgment,  these  n(»i-probabilistic  sanq}ling  methods  are 
typically  enqiloyed.  Therefore,  it  is  the  measurement  error  whidi  is  most  controllable  and  on 
M^iidi  this  study  crmcentrates  in  an  effort  to  build  a  mechanism  for  reviewing  data  for  quantitative 
quality  assessments. 

Data  UseabiUty  Criteria 

The  U.S.  EPA  has  published  a  guidance  document  for  use  in  the  completion  of  CERCLA 
clean-up  activities  oititled  fliiidanfie  for  Data  Useabilitv  in  Risk  Assessment.  The  document 
defines  data  useability  as  "the  process  of  assuring  or  determining  that  the  quality  of  data  goierated 
meets  the  intended  use"  (EPA,  1990:iii).  The  process  described  in  the  document  centers  around  six 
assessment  criteria,  some  qualitative  and  some  quantitative  in  nature,  to  determine  wdh^er  a  set  of 
data  is  of  sufficient  quality  for  use  in  the  quantitative  risk  assessment  calculations  of  a  rranedial 
investigation.  This  study  initially  quantifies  the  six  criteria  to  establish  measurable  standards. 


21 


These  criteria  are  used  to  establish  minimum  levels  of  performance  for  field  analytical  data  in  the 
use  of  risk  assessment.  The  application  of  these  criteria  is  pertinent  because  of  their  completeness 
and  due  to  the  demand  for  data  of  highest  QA/QC  for  use  in  the  critical  quantitative  risk 
assessmoit.  In  other  words,  a  test  of  sufficiency  for  use  in  a  risk  assessment  is  the  most  stringent 
evaluation  to  which  oiviFcmmaital  data  can  be  subjected,  and  thus  any  data  set  meeting  these 
criteria  would  be  of  sufficient  quality  for  use  in  any  other  phase  of  the  CERCLA  process. 

These  six  data  useability  criteria  are  conqx)sed  of  two  aspects;  sampling  QA/QC  and 
measuremoit  (or  analytical)  QA/QC.  Due  to  die  efforts  of  this  study  to  establish  a  verificaticxi 
mechanism  for  maximum  utilizatim  of  field  analytical  data  it  ccmcentrates  (» those  poitiixis  of  the 
criteria  that  impact  upon  the  measurement  QA/QC.  As  discussed  earlier,  this  will  only  address  a 
portioi  of  the  potential  error  associated  with  an  aivircmmental  sanpling  and  analysis  program. 

The  potential  error  associated  with  sampling  is  present  regardless  of  the  analytical  method  diosen 
and  would  be  cmstant  with  either  analysis  choice.  Sanqiling  QA/QC  (and  sampling  error)  is 
maintained  by  strict  adherence  to  good  QC  practices  during  the  planning  and  execution  of  the 
sanqile  collectien  process  (xily  and  has  no  impact  cm,  or  impact  firom,  the  analytical  methodology. 

The  six  criteria  for  assessing  anal3^cal  data  useability  (for  risk  assessmait)  are;  reports  to 
the  risk  assessor,  documentatiox,  data  sources,  analytical  methods,  data  review,  and  data  quality 
indicators.  The  structure  of  these  criteria  not  mly  evaluates  existing  data  for  useability  in  risk 
assessments  but  also  establishes  a  guide  for  platming  of  data  coUecticxi  to  assure  data  of  accqrtable 
quality.  An  outline  of  the  six  criteria  and  their  importance  in  the  risk  assessment  process  is  found 
in  Table  S.  A  brief  descripticxi  of  each  assessm^  criteria  and  identificatim  of  how  each  effects 
the  analytical  portion  of  the  sanq^ling  and  analysis  program  is  offered  below. 


22 


TABLE  S 

IMPACT  OF  DATA  USEABILITY  CRITERIA  IN  BASELINE  RISK  ASSESSMENT 


DATA 

USEABILITY 

CRITERION 

IMPORTANCE 

ASSOCIATED  ISSUES 

Rq»its  to  the 
Ri^  Assessor 

Data  are  more  useful  if  reported  in  a  format  that 
provides  readability  as  well  as  additional  clarifying 
information.  Sample  quantitation  limits,  narrative, 
and  qualifiers  that  are  fully  explained  reduce  the 
time  and  effort  required  in  interpreting  and  using 
the  analytical  results.  Limitations  can  be  readily 
i(tentified  and  documented  in  the  risk  assessment 
report. 

Responsiveness  to  potentially 
critical  issues. 

EKxumentation 

Deviations  from  the  samfding  and  analysis  plan 
(SAP)  and  standard  operating  procedures  (SOPs) 
must  be  documented  so  that  the  ri^  assessor  will  be 
aware  of  limitations  in  the  data.  The  risk  assessor 
may  need  additional  documentation,  such  as  field 
records  on  weather  conditions,  physical  parameters 
and  site-specific  geology.  Field  records  will  impaa 
the  useability  of  some  data.  Data  usable  for  risk 
assessment  must  be  identified  with  a  specific 
location. 

Legal  defensibility  of  data. 
Accountability  and  reliability. 

Data  Sources 

Data  sources  must  be  comparable  if  data  are 
combined  for  quantitative  use  in  risk  assessment. 
Plans  can  be  made  in  the  RI  for  use  of  most 
appropriate  data  sources  so  that  issues  of  data 
compatibihtv  are  not  encoimtered. 

Maximization  of  pre-existing 
data  use  for  planning  and  site 
assessment. 

Analytical 
Methods/Detec¬ 
tion  Limits 

The  method  chosen  must  assay  for  the  chemical  of 
potential  concern.  The  choice  of  method  involves 
planning  for  a  detection  limit  that  will  meet  the 
concentration  levels  of  concern.  If  the  detection 
limit  is  not  low  enough  to  confirm  the  presence  and 
amount  of  contamination,  samples  will  have  to  be 
re-analyzed  at  a  lower  detection  limit  if  possible. 

Potential  for  false  negatives. 

Data  Review 

Use  of  iseliminaiy  data  or  partially  reviewed  data 
can  conserve  time  and  resources  1^  allowing 
modification  of  the  sampling  plan  while  the  RI  is  in 
process.  Critical  analytes  and  samples  used  for 
quantitative  risk  assessment  require  a  full  data 
review.  Other  analytes  and  samples  may  be  of  less 
concern. 

Full  data  review  can  be 
lengthy. 

Data  review  feeds 
information  into 
completeness  and 
comparability  assessments. 

Data  Quality 
Indicators 

Completeness 

Completeness  for  critical  samples  must  be  100%. 
Unforeseen  problems  during  sample  collection  and 
analysis  can  affect  data  completeness.  If  a  sample 
data  set  for  risk  assessment  is  not  complete,  more 
samples  may  have  to  be  analyzed,  affecting  RI  time 
and  resource  constraints. 

Poor  data  quality  or  lost 
samples  reduce  data  set  and 
decrease  confidence  in 
supporting  information. 
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TABLE  5  (Continued) 


DATA 

USEABILITY 

CRITERION 

IMPORTANCE 

ASSOCIATED  ISSUES 

Comparal^ity 

The  risk  levels  generated  in  the  quantitative  risk 
assessment  will  be  questionable  if  incompatible  data 
sets  are  used  together. 

Abili^  to  combine  analytical 
results  acquired  firom  various 
sources  using  different 
methods  for  samples  taken 
over  the  period  of 
investigation. 

Representative¬ 

ness 

Sample  data  must  accurately  reflect  the  site 
characteristics  to  eSectively  represent  Ure  site's  risk 
to  human  health  and  the  environment. 

Potential  for  false  negatives. 
Non  homogeneity  of  sarrqde. 
Potential  for  false  positive. 
Potential  for  change  in 
sample  before  analysis. 

Precision 

If  the  reported  result  is  near  the  concentration  of 
concern,  it  is  necessary  to  be  as  precise  as  possible 
in  order  to  minimize  false  negatives. 

Confictence  in  distinction 
between  site  and  background 
levels  of  contamination. 
Primary  importance  when 
action  limit  approaches 
detection  limit. 

Accuracy 

Quantitative  accuracy  information  is  critical  when 
results  are  reported  near  the  level  of  concern. 
Contamination  in  the  field,  shipping  or  laboratory 
may  skew  the  analytical  results.  Instruments  that 
are  not  calibrated  or  tuned  properly  may  also  bias 
results.  The  use  of  data  that  is  bia^  affects  the 
interpretation  of  risk  levels. 

Confidence  in  distinction 
between  site  and  backgroimd 
levels  of  contamination.  As 
concentration  of  concern 
^^oaches  the  detection 
limit,  the  differentiation 
includes  confidence  in  the 
determination  of  presence  or 
absence  of  chemical  of 
potential  concern. 

Source:  EPA,  1990:24-29 


Sports  to  risk  assessor,  the  first  test  in  the  data  useability  assessmait,  is  the  most  basic 
of  the  criteTia  and  is  single  to  control  with  some  ordinary  management  practices.  It  simply  states 
that  data  rqioits  must  be  submitted  to  those  using  die  data  (e.g..  Toxicologist  or  Risk  Assessor)  in 
a  timely  and  complete  manner  to  fiicilitate  a  quick  and  accurate  assessment  of  the  situation. 
Specific  implications  oa  the  analytical  process  are  that  the  data  reports  must  be  complete  with  the 
details  of  the  analytical  procedures  followed  and  include  addhicmal  information  sudi  as  analytical 
method,  detection  limit,  and  results  (EPA,  1990:31). 

Documentation,  the  second  phase  of  useability  assessmoit,  is  also  fairly  strai^  forward 
with  little  strict  implications  on  analytical  procedures  used.  The  intoit  is  to  assess  the 


24 


con^leteness  of  the  records  generated  fiom  the  analyses  to  establish  a  data  trail  for  use  later  in  the 
useability  criteria  assessment  (EPA,  1990:27). 

Data  sources  is  the  next  phase  of  the  useability  assessment.  This  criteria  sinq>ly  assures 
the  identification  of  data  from  all  current  and  historical  data  sources  and  it's  evaluation  for 
inclusi(ai  in  the  risk  assessmait  process.  One  minimum  requirement  pertaining  to  the  generaticxi  of 
quality  analytical  data  is  that  there  must  be  at  least  one  broad  spectnun  analysis  fi'om  each  medium 
and  each  potential  exposure  pathway  (EPA,  1990:28). 

Analytical  methods  and  detection  limits,  the  next  useability  assessmoit  criteria,  is  more 
specific  and  quantitative  in  nature.  In  this  criteria  importance  is  placed  upon  having  analytical 
detection  limits  sufiBciently  low  enough  to  identify  all  chemicals  of  concern.  The  analytical 
minimum  requiremeit  is  that  the  detecticxi  limit  for  the  method  used  be  no  higher  than  20%  of  the 
concentration  of  ctxicem  for  a  given  chemical.  This  is  due  to  the  effort  to  decrease  the  potential  for 
folse  positives  or  fiilse  n^atives  resulting  from  attempts  to  quantify  chemical  concentraticns  that 
are  very  near  the  detection  limit  (EPA,  1990:28). 

The  data  review  criteria  requires  that  all  data  to  be  used  in  risk  assessment  calculaticms  be 
sufficiently  reviewed  for  potential  analytical  errors.  Potentially  identified  analytical  errors  in  this 
process  are:  excedences  of  sanqrle  holding  times;  laboratory  contamination  of  sanples;  calculaticxi 
errors;  or  transcr^cn  errors.  This  review  needs  to  idoitify  analytical  errors  because  the  lack  of 
an  adequate  review  increases  the  level  of  uncertainty  associated  with  the  risk  assessment.  The 
actual  level  of  review  to  be  conducted  is  variable,  based  on  the  requirement  of  the  data  user  and 
thus  the  only  minimum  requirements  associated  with  the  analytical  work  is  that  it  sinq)ly  requires 
c<xiq>letion  at  some  level  (EPA,  1 990:3 1).  The  level  of  review  conducted  is  typically  based  on  the 
preferences  and  desired  level  of  ccmfidence  of  the  decision  maker(s). 

The  data  quality  indicators  (DQI's)  criteria  consist  of  five  measurable  devices.  These 
final  criteria  are  the  most  detailed,  the  most  quantitative,  and  therefore  the  most  critical  in 
establishing  standards  for  determining  the  useability  of  field  analytical  data.  These  are: 
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c(Mi:q)leteness,  comparability,  rqjresentativaiess,  precision  and  accuracy.  Completeness  consists 
of  the  number  of  data  points  for  wdiich  there  is  an  analytical  result  for  eadi  chemical  of  ancem. 
Data  review  criteria  determines  wdi^er  a  data  point  is  usable  or  has  foiled  the  san^le  handling  or 
measurement  protocol.  Comparability  is  a  rqrresaitatiai  of  the  ability  of  the  data  user  to  combine 
analytical  results  from  different  sources  with  difreroit  methods,  such  as  field  and  off-site  generated 
data.  Representativeness  is  the  assurance  of  data  attalysis  in  a  way  to  sufficioitly  reflect  the 
established  performance  standards  and  to  iqrresait  the  sarrqrle  that  was  sait  to  the  lab  for  analysis. 
Precision  is  the  measure  of  analytical  error  as  represented  by  variation  or  standard  deviation  of  a 
set  of  measurements  (done  using  sanqrle  duplicates  or  multiple  analyses  of  performance  evaluaticn 
sanqrles).  Finally,  accuracy  is  a  measure  of  the  closeness  of  a  rqrorted  concentration  to  the  true 
concentration  of  a  contaminant  in  the  environmortal  sartq)le  (EPA,  1990:28-30). 

Measures  of  Acceptability 

Many  have  recognized  the  potaitial  use  of  field  analytical  data  in  nearly  all  aspects  of 
CERCLA  restoration  prr^rams.  Robbins  recognizes  tiiis  in  his  1992  paper  and  states  that  there 
are  a  number  of  issues  requiring  resolutioi  before  there  is  a  broad  accqrtance  of  the  use  of  field 
analytical  techniques.  He  has  identified  the  need  for  the  resolution  of  field  quality  assurance,  a 
history  of  successful  experioices  with  the  use  of  field  methods  and  corrqrarisons  to  lab  data,  and 
the  resolution  of  various  administrative  problems  arising  from  outdated  regulatory  guidance  and 
state  policies  (Robbins,  1992:8).  Although  it  is  beycmd  the  scr^  of  this  study  to  resolve  the  issue 
identified  by  Robbins  regarding  the  regulatory  administrative  problems,  the  cause  of  this  claim  was 
discussed  earlier  in  this  document.  This  researdi  will  address  the  first  two  issues  raised  by 
Robbins  by  establishing  minimum  standards  for  the  use  of  field  analytical  data  based  on  the 
aforementioned  useability  criteria  and  use  these  standards  to  test  the  useability  of  field  goierated 
data  from  case  study  site(s)  whidr  goierated  data  by  both  field  analyses  and  CLP  protocol. 
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III.  METHODOLOGY 


Establishment  of  Minimum  Standards  for  Useability  of  Field  Data  Based  on  Risk  Assessment 
Criteria 

Data  useability  criteria  will  be  established  as  standards  for  the  evaluati<xi  of  any  data 
via  the  following; 

Reports  to  Risk  Assessor.  As  stated  earlier,  this  criteria  is  cxie  basically  of  common 
soise  and  good  administrative  practices.  The  int«it  is  to  assure  the  timely  presentaticxi  of  all 
pertinoit  data  necessary  to  ccmduct  an  evaluation  of  data  accqjtability.  The  minimum  standard  is 
that  all  analytical  results  be  submitted  in  a  legible  format  complete  with  analytical  method  used, 
results  for  each  analyte  and  eadi  sample,  quantitaticxi  and  detection  limits,  and  results  from  all 
quality  control  samples  (i.e.,  blanks,  splits,  diq)iicates,  and  spikes).  These  r^rts  are  typically 
preliminary  reports,  include  mudi  raw  data,  and  are  evHitually  supported  by  submittal  of  the 
documentation  listed  below.  This  standard  requires  a  qualitative  assessment  of  environmental  data. 

Documentation.  This  standard  involves  another  qualitative  criteria  assessment  and  simply 
includes  the  assurance  of  accurate  records  of  all  available  analytical  results  and  their  availability 
for  future  assessmoit.  The  four  major  types  of  documoitation  required  to  be  generated  during  an 
RI  are:  Sanq)ling  and  Analysis  Plan  (SAP),  including  a  Quality  Assurance  Project  Plan  (QAPP); 
Standard  Operating  Procedures  (SOPs);  field  and  analytical  records;  and  chain-of-custody  records. 
Althougji  full  scale  diain-of-custody  records  are  a  requirement  for  cost  recovery  issues,  it  is  not  a 
minimum  requiremoit  for  risk  assessment  (EPA,  1990:27).  Again,  this  standard  requires  a 
qualitative  asses:.,  uient  of  environmental  data  to  assure  that  all  necessary  documentation  is  cmnplete 
and  accmrate  for  use  by  the  remedial  decision  maker. 

Data  Sources.  The  minimum  requiremoit  here  firom  an  analytical  standpoint  is  that  there 
be  a  broad  spectrum  analysis  conducted  on  representative  samples  from  each  medium  and  each 
potential  pathway.  The  purpose  is  to  assure  that  potentially  harmful  ccxitaminants,  not  originally 
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identified  in  the  sowing  process,  are  not  overlooked  during  the  field  investigation.  This  criteria  can 
be  met  with  the  indqjendent  off-site  analyses  of  split  samples  sent  to  an  off-site  laboratory  for 
confirmation  purposes  and  expanded  analyte  search  unavailable  in  the  field.  Even  with  a  stroig 
reliance  on  field  generated  data  there  must  still  be  a  minimum  number  of  sanples  shipped  to  an  off¬ 
site  or  CLP  lab  for  verification  purposes,  wiiich  will  enable  the  RI  team  to  cover  this  requiremait. 
These  sanq)les  are  splits  intended  to  omduct  a  broader,  more  complete  analysis  of  samples  to 
assure  various  uncommcxi/unexpected  oxitaminants  are  not  being  overlooked  in  the  on-she 
analyses.  They  can  also  function  as  verification  samples  in  support  of  the  results  seen  in  the  on¬ 
site  analyses.  The  necessary  minimum  number  of  verificatirxi  analyses  by  off-site  labs  was 
determined  by  review  of  existing  EPA  guidance  and  other  professirmal  literature. 

Analytical  Methods  and  Detection  Limits.  This  criteria  stresses  the  importance  of  using 
an  analytical  method  having  a  minimal  capability  of  d^ecting  any  contaminant  level  at  or  above 
the  levels  of  concern.  In  not  meeting  this  standard,  there  would  be  a  significant  increase  in  the 
potential  for  false  negatives  in  the  results  due  to  the  inability  to  identify  potential  harmful  levels  of 
contamination.  The  EPA  has  established  a  minimum  requirement  for  this  criteria  of  using  "routine 
methods"  when  analyzing  for  chemicals  of  potential  concern  (EPA,  1990:88).  The  EPA  defines  a 
routine  method  as  one  that  "has  been  validated  and  published  and  contains  informatitm  on 
minimum  performance  characteristics  (EPA,  1990: 105)."  Routine  methods  are  not  necessary  as 
long  as  the  field  analytical  method  utilized  can  meet  the  minimum  criteria  of  a  detection  limit  of 
20%  of  the  contaminant  level  of  concern  (EPA,  1990:76).  The  minimum  standard  in  this  study 
was  developed  by  an  evaluaticxi  of  risk  based  minimum  acceptable  values  for  a  given  contaminant 
and  applying  the  20%  criteria.  For  example,  the  risk  based  SDWA  (Safe  Drinking  Water  Act) 
standard  for  TCE  in  water  is  3  ppb  and  thus  the  minimum  acceptable  standard  for  the  field 
analytical  tediniques  used  would  be  for  a  detection  limit  of  1  ppb.  lliis  would  be  sufficiently 
protective  by  minimizing  the  potential  for  a  fiilse  n^ative;  identifying  no  contaminatirai  in 
foct  it  may  be  present  at  levels  in  the  potentially  harmful  range. 
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Data  Review.  Within  the  CLP  process  the  very  thorou^  and  often  loigthy  data 
validation  process  easily  meets  the  data  review  criteria.  The  EPA  guidance  document  for 
conducting  RI/FS's  at  CERCLA  landfill  sites  reco^izes  that  the  useability  assessmoit  can  be 
conqjleted  via  statistical  techniques  versus  formal  data  validaticm  (EPA,  1991a;2-3).  The 
procedures  established  here-in  for  the  more  quantitative  evaluation  criteria  (e.g.,  DQI's)  include 
such  statistical  analyses  of  QC  data  used  to  judge  whether  data  are  consistent  by  examination  of 
their  distributicn.  This  enables  the  identificaticxi  of  outliers  and  those  excqTticmal  data  points 
would  be  suspect  and  should  be  further  verified. 

Data  Quality  Indicators.  The  completeness  of  a  field  data  set  is  measured  as  compared 
to  the  minimum  standard  set  in  the  planning  process.  This  study  establishes  a  minimum  standard 
based  oi  typical  completeness  values  for  actual  CLP  data  sets.  The  completeness  for  the  field  data 
is  calculated  using; 

Percent  Completeness  ,accep^e_samples 

total  samples 

and  this  value  compared  to  the  minimum  acceptable  standard  previously  established.  Causes  foi 
samples  to  be  classified  as  unacceptable  are  invalid  or  unusable  results  due  to  failure  of  holding 
time  minimums,  lab  contamination,  or  other  analytical  mishaps  causing  erroneous  results. 

The  minimum  standard  to  be  established  for  comparability  is  a  simple  quantitative  (xie 
The  requiremoit  is  that  data  from  field  analyses  must  offer  similar  contaminant  quantificaticm  and 
detection  limits,  with  the  same  units  of  measure  in  the  reports,  as  does  the  ofF-site  verificaticm 
analyses.  This  can  be  very  difficult  due  to  the  often  differing  procedures  used  in  CLP  and  cxi-site 
labs,  different  sample  sizes,  and  matrix  interferaices  (especially  with  solids).  On-site  labs 
typically  utilize  only  gas  diromatograph  technology.  Ahhou^  the  GC  results  are  typically 
backed-up  or  crxifirmed  by  GC/MS  in  the  laboratory,  they  can  have  very  low  detection  limits  (as 
low  as  0.2  ppb).  CLP  analysis  involves  gas  chromatograph  with  mass  spectroscopy  followed  by 
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intensive  data  validation  which  results  in  hi^er  reportable  quantification  limits.  Due  to  the  lack  of 
packaging  and  shipping  requirements  with  on-site  analysis,  the  sample  size  is  not  a  limitation. 
Larger  sample  size  can  result  in  a  more  r^resentative  assessment  of  contaminant  conditions  by 
allowing  for  greater  homogoreity.  Matrix  interferences  can  raise  detection  and  quantification 
limits  due  to  various  impurities  having  a  wide  range  of  effects  on  certain  ccxitaminants  and  the 
ability  to  recover  these  contaminants  from  sanqiles.  This  is  e^)ecially  a  problem  with  soil  matrices 
wiiidi  can  coitain  multiple  solid  corTqx>unds  having  absorbency  effects  on  the  organic  oxnpounds. 

Minimum  standards  far  the  representativeness  criteria  would  be  of  little  concern  with  the 
use  of  field  analyses.  As  with  the  completoiess  standards,  these  too  are  to  be  established  m  the 
planning  process.  They  address  sanqrle  holding  times,  san^le  preservation  and  the  analysis  of 
blanks  to  evaluate  potential  san^le  contamination  during  transportation  and  storage;  all  of  which 
will  be  minimized  by  conducting  the  quick  on-site  field  analyses  and  eliminate  extensive  sample 
handling  and  shipping  associated  with  ofP-site  analyses.  Therefore  this  criteria  is  not  a 
consideration  in  the  assessment  of  the  useability  of  field  analyses. 

The  minimum  standard  for  the  precision  criteria  assessment  is  a  strong  foctor  in  the 
analysis  of  field  goierated  data  as  compared  to  off-site/CLP  data.  The  minimum  accqTtable 
variance  of  the  data  was  established  based  on  compoimd  specific  standards  as  established  in  the 
CLP  Statement  of  Work  (SOW).  If  no  specific  standard  exists  for  a  given  compound,  an  analysis 
of  compound  characteristics  was  used  to  determine  structure  relationships  with  a  compound  having 
a  recommended  standard,  and  that  standard  applied.  Measurement  was  made  by  using  duplicates 
in  the  field  results  to  calculate  the  relative  percent  differoice?  (RPD); 


RPD 


|/?1-/?2| 

+R2)/ 


xlOO 


where;  R\  =  Results  of  analysis  of  duplicate  sample  one 
R2  =  Results  of  analysis  of  duplicate  sample  two 
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All  RPD  values  for  a  data  set  are  oHipiled  and  their  distribution  presented  (gr^hically  vial  a 
histogram).  The  mean  RPD  can  be  calculated  and  the  percentage  of  values  within  the  standard 
presented  graphically  in  the  histogram  and  calculated. 

The  minimum  standard  for  the  accuracy  measurement  criteria  was  again  established  using 
the  recommended  standards  of  the  CLP  Statement-of-Woric.  Also,  a  similar  procedure  as  foat  used 
for  die  precisian  measurement  was  used  to  develop  standards  for  those  conqiounds  not  recognized 
in  die  CLP  SOW.  This  measurement  criteria  uses  the  measure  of  percoit  recovery  of  the  true  level 
of  contamination  in  a  sample  by  die  formula; 

^  Observed  Concentration 

%  Recovery  - - xlOO 

True  Concentration 

This  evaluation  recognizes  that  the  measured  or  observed  amount  of  contaminatioi  in  an 
environmental  sanqile  is  rarely  a  precise  measurement  of  the  actual  concentration  present.  The 
measured  amount  is  a  percentage  of  that  actually  present.  The  challenge  in  this  assessment  process 
is  knowing  the  true  concentration;  scanediing  that  is  inqxKsible  to  determine  unless  a  known 
amcHint  of  a  particular  contaminant  is  injected  into  the  sanqile  to  be  measured.  Therefore,  the 
environmental  lab  will  use  a  modified  version  of  the  above  equation  to  allow  for  the  measurement 
of  percent  recovery: 

„  (measured  amount  -  amount  in  unspiked  sample ) 

%  Recovery  =  - - - - — ^xlOO 

amount  spiked 

A  spiked  sample  is  the  combination  of  the  originai  environmoital  sample  previously  measured 
(amount  in  unspiked  sample)  and  an  injecticm  of  a  known  amount  of  contaminant  of  concern 
(amount  spiked).  Under  this  evaluation,  the  known  amount  of  contaminant  injected  into  the  sample 
("spike")  is  the  "true”  concentration  and  the  amount  measured  in  the  sample  minus  that  originally 
measured  in  the  field  san^le  (diat  naturally  present)  used  as  the  observed  concentration.  Since  not 
every  sample  is  spiked  and  re-measured  for  percent  recovery,  these  measurements  are  not  a  specific 
quantitative  measure  but  only  r^resent  a  measuronent  trend  in  the  analytical  operations  (EPA, 
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1990:89).  This  method  gives  an  assessment  of  die  field  performance  in  quantitation  of  a  given 
contaminant  coicentraticxi  as  conqiared  to  the  more  QA/QC  stringent  off-site  analyses. 

A  histogram  display  presents  the  distribution  of  the  percent  recovery  results  with  the 
window  of  accqjtable  range  of  recoveries  superimposed.  The  histogram  presoitations  of  result 
distributiais  were  acconqilished  in  the  Statistix  software  package.  This  graphically  displays  the 
performance  of  die  lab  with  regard  to  accurate  compound  measuremoits. 

Application  of  Minimum  Standards  on  Field  Data 

Once  established,  the  minimum  standards  were  tested  on  existing  data  sets  fi-om  the 
Wright-Patterson  APB  IRP.  Remedial  Investigatiwi  work  at  WPAPB  was  chosen  due  to  die  heavy 
reliance  on  CLP  data  for  risk  assessment  calculatims  and  the  existence  of  field  generated  data. 
WPAPB  has  b^im  using  a  field  lab  to  generate  field  data  for  making  quick  decisions  aa  individual 
environmental  boring  locations  but  has  not  been  able  to  receive  regulatory  approval  to  use  the  data 
for  hi^er  level  decisions  such  as  sanqiling  program  modifications  or  risk  assessment  calculations 
(and  thus  remedial  action  ahemative  decisions). 

Ground  water.  The  assessment  of  the  estabhshed  minimum  standards  for  die  useability 
of  ground  water  field  data  first  entailed  the  compilation  of  the  ground  water  results  fiom  the  field 
lab.  An  evaluation  of  the  quality  control  sanqile  r^ults  was  conducted  for  each  primary 
contaminant  of  concern  to  assess  the  data's  ability  to  meet  the  minimum  standards.  The  data  was 
also  structured  statistically  for  each  contaminant  of  coicem  to  display  distribution  characteristics 
of  the  values.  These  statistics  can  then  be  oxnpared  to  similar  statistics  from  the  equivalent  CLP 
analytical  results  to  comparatively  assess  the  quality  of  the  two  methods  on  a  macro  level  (i.e.,  via 
an  analysis  of  the  variances).  Since  ground  water  sanqiles  on  the  WPAPB  projects  were  not  truly 
split  with  half  the  sample  sent  for  field  analysis  and  the  other  for  CLP  analysis,  the  con^iarison 
was  conducted  by  using  the  monitoring  well  results  fi'om  the  initial  round  of  sanq>ling  ccanpared  to 
field  analyses  fi'om  depths  equivalent  to  those  of  the  screened  intervals. 
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Soils.  Soils  were  analyzed  in  the  same  manner  as  the  ground  water  with  one  major 
difference;  the  split  samples  from  the  soils  sampling  more  closely  rq}resent  true  ^lits  since,  in 
many  sanq>le  locations,  a  porticn  of  the  sanple  was  analyzed  cm-site  v^e  another  portion  was 
shq^ped  for  CLP  analyses.  Due  to  variations  in  sample  size  and  soil  sanq>le  heterogeneity  of 
matrices  there  is  some  level  of  unavoidable  concern  as  to  the  true  represoitativeness  of  these 
"^lits,"  but  it  is  as  close  as  can  be  accomplished  whai  directly  comparing  the  two  methods. 

Cost  Implications  of  Reliance  on  Field  Generated  Data 

The  potentially  realized  cost  savings  associated  with  a  maximum  reliance  upon  field 
generated  data  are  determined  by  ccatqraring  costs  associated  with  1 00%  reliance  on  CLP  data  and 
100%  reliance  on  field  developed  data.  The  lowest  cost  scenario  of  100%  dq>endency  on  field 
goierated  data  is  unrealistic  due  to  the  necessary  minimum  CLP  data  requirements  for  purposes  of 
verifying  the  field  laboratory  data  and  for  full  suite  analyses  not  available  in  the  field.  Therefore  a 
consideration  is  made  for  the  minimum  level  of  CLP  data  generation  and  a  range  of  reasonable 
costs  for  the  analytical  portion  of  a  remedial  project  presented.  The  potential  rate  of  increasing 
cost  differoitials  between  CLP,  field  and  optimal  mix  of  data  is  grai^cally  presented  via  a  linear 
presentation  of  total  costs  versus  increasing  san:q}le  numbers.  This  is  important  to  display  the 
higher  cost  differentials  associated  with  the  sites  of  larger  size  or  greater  conplexity  requiring  a 
larger  number  of  sanqrles  for  characterization  or  monitoring. 
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IV.  ANALYSIS  AND  FINDINGS 


Introduction 

The  following  discussion  will  first  establish  a  set  of  qualitative  and  quantitative  standards, 
based  on  die  EPA's  Data  Useability  Criteria,  for  the  assessmoit  of  the  quality  of  an  environmental 
analytical  data  base  for  use  in  a  Risk  Assessment.  Since  the  EPA  guidance  dociunentation 
qjecifies  very  little  as  to  detailed  standards  for  the  assessment  criteria,  the  standards  established 
here  will  draw  on  the  various  guidance  recommendations  (where  they  exist),  the  C<mtract  Lab 
Statement  of  Work,  and  general  statistical  theory. 

Secondly,  these  established  standards  are  applied  to  an  existing  CLP  data  base  acquired 
firrnn  an  IRP  remedial  investigation  project  at  Wrig^-Patterson  AFB.  This  data  set  is  used  to 
conduct  a  diemical  specific  analysis  of  the  quantitative  standards  for  comparison  to  the  results  of 
the  field  lab  analysis.  The  same  statistical  analyses  of  the  quality  assurance  data  as  used  for  the 
field  lab  assessment  in  tiiis  study  were  also  used  on  the  CLP  data. 

Next,  the  established  standards  were  applied  to  an  existing  field  lab  analytical  data  base  to 
measure  its  applicability  to  risk  assessment  calculations.  Specifically,  this  assessment  is 
accon:q)litiied  by  use  of  the  field  generated  data  fix»n  Wrig^-Patterson  AFB  Qperable  Unit  2.  The 
qualitative  standards  are  first  measured  against  the  data  base  as  a  whole  followed  by  a  chemical 
specific  evaluation  of  the  quantitative  standards. 

Next,  tiiis  study  conducted  a  direct  ccxnpzrisao  of  field  results  to  CLP  results  from  similar 
sanq)le  locations  at  Operable  Unit  2  for  assessmoit  of  the  data  conqiarability.  The  results  are 
presented  in  tabular  form  and  the  inqilications  of  tiie  findings  discussed. 

At  the  close  of  this  section  is  a  review  of  the  pctential  cost  and  schedule  impacts  of 
maximum  utilization  of  field  generated  data.  This  analysis  shows  a  great  opportunity  for 
expedition  of  IRP  field  investigations  and  the  tremoidous  cost  savings  available. 
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Development  of  Useability  Standards  for  Analytical  Data  Bases 

A  con^lete  review  of  all  :q>plicable  EPA  regulations  and  guidance  documentation  was 
conducted  for  indications  of  existing  standards  for  determining  the  useability  of  data  in 
CERCLA/IRP  investigaticms.  This  research  identified  methods  for  the  measurement  of  various 
quality  assurance  indicators  but  generally  foiled  to  specify  standards  for  acceptance  of  data.  These 
standards  remain  ambiguous  in  an  effort  to  allow  for  flexibility  in  establishing  specific  goals  for 
data  quality  based  on  the  characteristics  of  the  given  site,  requirements  and  goals  of  the  project,  or 
the  personal  preferences  of  the  EPA  Remedial  Project  Manager.  Due  to  this  lack  of  specific 
standards,  the  EPA  and  other  lead  agencies  in  CERCLA  clean-ups  have  foll»i  back  on  a  reliance 
on  CLP  generated  data  to  assure  consistency  and  reliability  in  data  quality.  Established  below  is  a 
set  of  fixed  quality  assessment  criteria  to  allow  for  the  proof  of  useability  of  field  generated  data  (xi 
a  consistent  basis. 

Of  the  six  data  useability  criteria  defined  in  EPA  guidance,  several  are  qualitative  in  nature 
and  are  very  subjective.  The  remainder  are  quantitative  in  nature,  and  it  is  with  these  criteria  feat 
this  research  will  concentrate  upon  in  establishing  standards.  Each  of  the  criteria  are  reviewed 
below  and  the  resulting  standards  defined.  The  end  of  this  section  includes  a  summary  of  die 
standards  established  here-in. 

Qualitative  evaluation  criteria.  These  criteria  coisist  of  the  following:  Reports  to  Risk 
Assessor,  Documentation,  and  Data  Review.  These  are  to  be  applied  to  the  data  set  on  a  non¬ 
chemical  specific  basis.  In  other  words,  they  are  to  be  used  as  an  overall  assessment  of  the  data 
useability.  Due  to  their  strongly  subjective  nature,  these  criteria  will  only  receive  a  cursory  review 
in  this  study  and  would  typically  be  left  to  the  decisirai  maker's  personal  preferences  and  the 
specific  needs  of  the  site  under  study. 

Quantitative  evaluation  criteria.  The  remaining  criteria  as  established  in  the  EPA's  data 
useability  guidance  will  be  used  to  establish  standards  for  data  acceptance.  These  criteria  consist 
of  Data  sources.  Analytical  Methods  and  Detection  Limits,  and  the  Data  Quality  Indicators 
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(Con:q}leteness,  Comparability,  Precision,  and  Accuracy).  Note  the  absence  of  the  data  quality 
indicator  R^resentativeness.  This  is  because  the  items  of  holding  times,  sample  preservation,  and 
analysis  of  blanks  are  not  of  concern  wdien  conducting  the  analyses  in  the  field. 

Data  sources.  The  requirement  here  is  that  there  be  a  number  of  broad  spectrum 
analyses  conducted,  typically  at  an  ofF-site  laboratory,  to  verify  that  additional  contaminants  of 
concern  beyond  VOC's  are  not  being  overlooked  and  to  support  the  findings  of  the  (»-site  lab.  The 
EPA  does  not  specify  this  number  of  ofF-she  samples.  Professional  documentation  siq)ports  the 
use  of  an)^ere  fixnn  0-30  %,  depending  up<m  sudi  variables  as  severity  of  contaminaticm,  types 
of  contaminatiai,  and  matrix  constituents  (Moody,  1992: 12).  EPA  literature  states  that  the 
minimum  requirement  for  risk  assessment  purposes  is  that  only  one  sanple  per  medium  exposure 
pathway  (e.g.,  ground  water,  surfece  soils,  etc.)  be  analyzed  using  a  broad  spectrum  analytical 
tedinique  (EPA,  1990:80).  This  study  only  addresses  Volatile  Organic  Compounds  within 
matrices  of  only  water  and  soils,  Aerefore  Ae  types  of  contaminants  and  matrix  crmstituoits  are 
limited  and  relatively  basic.  Considering  Aese  fectors,  our  standard  for  number  of  ofF-site 
analyses  as  a  percentage  of  all  analyses  conducted  under  a  study  will  be  10%.  This  offers  a 
conservative  amount  of  supporting  verification  analyses  >Aile  maintaining  control  on  Ae  overall 
project  costs.  The  1 0%  standard  will  be  sufiBciait  to  identify  any  gross  errors  in  Ae  on-site 
analyses. 

Analytical  Methods  and  Detection  Limits.  The  EPA  Guidance  for  Data 
Useability  in  Risk  Assessment  idoitifies  a  minimum  standard  of  a  detection  limit  of  20%  of  Ae 
contaminant  level  of  concern.  This  study  furAer  develq>s  Ais  standard  by  idoitifying  Ae 
contaminant  level  of  concern  for  water  as  Ae  Safe  Drinking  Water  Act  standard  for  eadi  volatile 
organic  compound.  For  soils  we  use  Ae  Risk  Based  Concentrations  as  establiAed  by  U.S.  EPA 
R^on  III.  These  soil  standards  use  a  lifetime  cancer  risk  of  10~^  under  "standard"  residential 
e}qx}sure  scenarios  to  calculate  recommended  standards.  A  suirunary  of  Ae  water  and  soils 
concoitrations  of  ccxicem  and  Ae  corresponding  minimum  detecticxi  limits  is  hsted  in  Tables  6  and 


36 


7  below.  Detection  limits  adiievable  in  the  field  analytical  lab  must  be  below  these  standards  for 
each  ccMTqx>und  in  each  matrices. 

TABLE  6 

DETECTION  LIMIT  STANDARDS  FOR  SOILS 


Risk  Based  Standard  fug/kei  Detection  Limit  Std  fui 


Benzene 

22,000 

4,400 

Carbon  Tetrachlori^ 

4.900 

980 

Chloroform 

100,000 

20,000 

Ethylbenzene 

7,800.000 

1,560,000 

12,000 

2,400 

Toluene 

16,000,000 

3.200.000 

1 , 1 , 1 -Trichloroethane 

7,000,000 

1,400,000 

Tridiloroethene  (TCE) 

58,000 

11,600 

Xylene 

160,000,000 

32,000,000 

TABLE? 

DETECTION  LIMIT  STANDARDS  FOR  WATER 


SDWA  Standard  (ue/L) 

Detection  Limit  Std  (us/L) 

Benzene 

5 

1 

Carbon  Tetradbloride 

5 

1 

Chloroform 

5» 

1 

Ethylbenzene 

700 

140 

Tetradiloroethoie  (PCE) 

5 

1 

Toluene 

1000 

200 

1 , 1 , 1 -Trichloroethane 

200 

40 

Trichloroediene  (TCE) 

5 

1 

Xylene 

10000 

2000 

*  SDWA  MCL/MCLG  for  Chlorofoim  a  grogpcd  ioCo  hiloggmtd  hydrocgbons  rtmdwl;  Iwsed  on  similg  tap  vnXet  risk  lased 
caocoBitioot  to  that  of  TCE.  FCE  ami  Cub.  Tet 


DQI~CompIeteness.  The  standard  for  conq)letaiess  for  typical  CLP  data  at 
Wri^-Patters(xi  AFB  projects  is  95%.  Regulatory  agencies  regularly  approve  this  standard,  it  is 
easily  met  by  CLP  analyses,  and  will  be  used  as  the  standard  for  assessing  the  con:q>leteness  of  (m- 
site  generated  analytical  data. 
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DQl—Coinparability.  The  requirement  for  similar  rqx>rted  units  of  measure 
between  data  sets  is  typically  easily  met  due  to  unit  oxtversion  capabilities.  This  can  be  assessed 
qualitatively.  As  for  similar  detection  limits  and  quantitatioi  limits,  establishing  a  standard  other 
that  "they  must  be  equal"  is  impossible  and  actually  impractical.  Just  because  one  data  set  has  a 
higher  or  lower  level  c  f  detecti(»  than  another  is  no  reasoi  to  eliminate  it  from  use  in  a  risk 
assessment.  The  Analytical  Methods  and  Detecticm  Limits  criteria  are  the  basis  for  review  and 
accq)tance  of  the  necessary  level  of  detectioi.  Furthermore,  ^^^en  conducting  risk  assessment 
calculations,  as  a  amservative  measure  the  detection  limit  values  are  used  as  a  worse  possible  case 
scaiario  a  contaminant  is  listed  as  noi-detect.  A  hi^er  detecticn  limit  would  only  raise  the 
estimated  risk  as  a  conservative  measure.  The  standard  established  herein  will  not  involve  a  strict 
assessmoit  but  will  be  a  more  qualitative  compariscm  of  data  s^  for  an  assessment  of 
"reasonabloiess". 

DQI-Precision.  As  stated  previously,  data  precision  is  measured  as  a  foncticn  of 
the  Relative  Percoit  Difference  (RPD)  between  two  measurements  of  the  same  sample  or 
duplicates.  Within  any  analytical  quality  assurance  program  several  duplicate  samples  are  run, 
and  all  matrix  spike  sanples  are  run  as  duplicates.  The  EPA  Statement-of-Work  for  the  Ccaitract 
Lab  Program  lists  target  RPD  maximums  for  a  few  volatile  organics.  These  are  not  specified  as  a 
requirement  and  are  only  a  recommended  limit  within  vdiich  to  maintain  the  quality  control  of 
precisicai.  The  cxily  volatile  organic  compounds  under  coisideraticm  in  this  study  for  A^diich  a 
target  RPD  is  specified  aretridiloroethene  (14%),  baizene  (1 1%),  andtoluene(13%).  Therefore 
various  key  parameters  effecting  the  recoverability  of  the  nine  contaminants  of  concern  in  an 
analytical  procedure  was  compiled  (Table  8)  and  an  evaluation  of  similarities  oxiducted  to 
establish  RPD  standards  for  the  additional  contaminants.  Table  9  ccxitains  the  resulting  conqrlete 
set  of  RPD  standards. 
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TABLE  8 

COMPARISON  OF  CONTAMINANTS  OF  CONCERN 

WATER 

VAPOR 

HENRY'S 

DENSITY 

SOLUBILITY 

PRESSURE 

LAW 

SORPTION 

VOLATIUZATION 

chemic:al 

MOL  WT 

(a/em3l 

(man.! 

{mml 

(PaM3/moll  PART.COEFF. 

(houn) 

BENZENE 

78.11 

0.8765 

1780 

76 

576 

1.92 

2.7 

TOLUENE 

92.13 

0.8669 

515 

22 

677 

2.49 

2.9 

ETHYLBENZENE 

106.2 

0.867 

152 

7 

757 

3.04 

3.1 

0-XYLENE 

119.38 

0.8802 

175 

5 

534 

1 .68-1 .83 

3.2 

CHLOROFORM 

153.82 

1.4832 

8000 

160 

314.1 

1.64 

4 

CARB.  TET. 

133.41 

1.591 

800 

90 

2912 

2.642 

3.7 

1,1.1-TCA 

131.39 

1.339 

4400 

100 

1638 

2.08 

3.7 

TCE 

165 

1.464 

1100 

60 

1186 

2.1 

3.4 

PCE 

83 

1.623 

150 

14 

2718 

2.38 

4.2 

Source;  Madcay.  1993 


The  nine  contaminants  of  concern  can  be  brokoi  into  two  chemical  classifications; 
monoaromatic  hydrcxrarbcxis  and  halogenated  hydrocarbcns.  Benzene,  toluene,  ethylbaizene  and 
xylene  are  all  mcxioaromatic  hydrocarixMis.  Chlorofiarm,  carbon  tetrachloride,  1,1,1  -TCA,  TCE, 
and  PCE  are  all  halogenated  hydrocarbcms.  A  compariscm  of  the  drasities,  the  volatilization 
values,  and  the  Henry’s  Law  coefficiaits  (with  the  exceptiai  of  Chloroform)  for  the  individual 
conqiounds  offers  a  clear  distinction  betwe^  the  two  classifications.  Since  TCE  is  the  oily 
halogenated  hydrocarbon  with  an  EPA  CLP  SOW  suggested  RPD  limit,  the  same  value  will  be 

TABLE  9 
RPD  STANDARDS 


RPD  for  Water 

RPD  for  Soils 

Benzene 

11 

21 

Toluene 

13 

21 

Ethylboizme 

13 

21 

Xylene 

13 

21 

Chloroform 

14 

24 

Cartxxi  Tetrachloride 

14 

24 

1,1,1-TCA 

14 

24 

TCE 

14 

24 

PCE 

14 

24 

used  for  all  other  halogoiated  hydrocarbons  (chloroform,  carbcm  trt .,  1,1,1  -TCA  and  PCE) ,  Due 
to  the  closer  similarities  of  the  vapor  pressure  and  solubility  values  for  ^ylboizene  and  xylaie. 
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tiiese  axrqxMmds  will  retain  the  RPD  value  recommended  in  the  CLP  SOW  for  Toluene.  Benzene 
has  solubility  and  vapor  pressure  values  significantly  laiger  than  any  of  the  other  three 
monoarcmiatic  hydrocarbons. 

Since  die  estabUshed  RPD  standards  above  are  applicable  to  an  individual  sanple  result, 
there  needs  to  be  a  percentile  standard  for  maintaining  the  entire  data  set  within  QA  parameters. 
This  would  r^resent  the  acceptable  error  in  the  RPD  results.  CERCLA/IRP  decision  making 
procedures  aanmonly  use  an  acceptable  error  of  10%.  This  would  mean  a  standard  of  maintaining 
a  percentile  of  90%  of  RPD  values  within  the  c<xitaminant  RPD  maximum  value. 

DQI— Accuracy.  Accuracy  is  measured  by  the  evaluation  of  matrix  spike  samples 
to  determine  the  amount  of  known  contaminant  recovery.  The  CLP  SOW  again  lists  recommended 
ranges  for  die  same  contaminants  as  listed  above  for  precision  measurements  (TCE,  Benzene,  and 
Toluene).  The  same  procedure  as  used  above  for  precision  assessment  was  used  for  establishing 
criteria  for  all  additional  VOC's  of  concern.  Since  the  percent  recovery  value  can  vary  in  either 
direction  frcnn  an  ideal  value  of  100%,  these  standards  consist  of  a  range  of  acceptable  values  both 
above  and  below  the  ideal  criterion.  The  ranges  established  by  the  EPA  in  the  CLP  SOW  are 
sli^itly  biased  toward  error  above  the  true  values,  but  an  evaluation  of  the  method  for  determining 
the  recOTimended  range  amount  is  not  offered.  Table  10  lists  the  resulting  range  for  acceptable 
accuracy  (percent  recovery  or  %R)  values  for  the  given  contaminants. 


TABLE  10 

%  RECOVERY  STANDARDS 


Benzene 

Toluene 

Ethylbenzene 

Xylene 

Chloroform 

Carbon  Tetrachloride 

1,1,1-TCA 

TCE 

PCE 


%R  Range  for  Water 
76-127 
76-125 
76-125 
76-125 
71-120 
71-120 
71-120 
71-120 
71-120 


%R  Range  for  Soil 
66-142 
59-139 
59-139 
59-139 
62-137 
62-137 
62-137 
62-137 
62-137 
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Note  that  the  range  for  percent  recovery  in  soils  is  much  more  forgiving  than  that  for 
water.  This  is  due  to  the  greater  tendency  for  matrix  interferences  in  the  soil  samples  than  in  the 
water  samples.  This  same  fector  can  influoice  the  relative  detectioi  limits  for  water  and  soil 
analyses  as  will  be  se«i  later. 

These  standards  are  applicable  only  to  the  individual  sample  results  and  thus  there  needs  to 
be  a  method  of  evaluating  the  entire  data  s^  towards  meeting  the  standards.  One  does  not  want  to 
use  oily  a  point  estimate  of  data  (e.g.,  the  mean)  to  measure  overall  performance  but  needs  to  use 
an  entire  interval  of  plausible  values  (e.g.,  the  set  of  QC  data  results).  Since  the  qmmal  value  for 
percait  recovery  is  1 00%,  a  total  and  exact  measurement  of  the  actual  amount  of  contaminant 
present  within  a  sample,  a  measure  of  the  QA  results  in  relation  to  a  mean  of  100%  recovery  must 
be  enployed.  Assuming  a  normal  distribution  of  results  from  assessment  of  accuracy  via  percait 
recovery,  statistical  evaluation  of  the  mean  reading  to  the  qjtimal  mean  (100%)  can  be  conducted. 
A  means  for  ccmducting  this  evaluatiai  involves  the  use  of  a  t-test  to  compare  the  data  base 
distribution  to  a  preferred  mean  of  100%. 

The  t-test  is  a  method  of  testing  a  hypothesis  of  a  populatioi  mean  and  whether  a  set  of 
sanple  data  from  this  population  of  all  possible  values  can  be  assumed  to  come  from  that 
papulation  within  a  certain  level  of  significance  (Devore,  1991 :286).  In  the  case  of  the  percait 
recovery  measurements,  the  true  mean  of  the  population  is  100%.  This  ”assumpti(xi"  will  be  the 
null  hypothesis  of  our  measuremoits.  The  alternative  hypctiiesis  in  this  study  will  be  that  the 
population  mean,  based  on  the  set  of  measurements  (samples),  is  not  equal  to  100%.  Therefore,  we 
can  assume  that  the  mean  of  the  percent  recovery  quality  assurance  data  is  100%,  thus  accqjtable, 
unless  our  sanple  set  of  %R  measurements  strongly  suggest  otherwise.  A  failure  of  the  t-test 
indicates  diis.  T-test  failure  occurs  when  a  calcul^ed  t-value  from  our  data  falls  outside  the 
critical  t-values  based  on  our  level  of  significance  (see  below). 

A  variable  to  be  used  in  these  data  quality  assessments  is  that  of  the  level  of  significance 
or  the  acceptable  level  of  type  I  error  (rejection  of  the  null  hypothesr  vhen  it  is  actually  true). 
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This  value  is  designated  as  a.  Typical  values  for  a  used  in  hypothesis  testing  range  from  .  I  to 
.0005  wfaidi  rq)resent  a  level  of  significance  of  90  to  99.95%  (Devore,  1991:286).  In  the  use  of 
the  t-test  for  assessing  the  accuracy  of  data  we  will  use  the  most  conservative  value  of  90%  level  of 
significance  or  an  equivalent  level  of  10%  accqrtable  error  in  our  measurement.  Our  t-test  is  to  be 
a  two  tailed  test,  due  to  a  crmcera  that  our  measured  values  are  either  significantly  higher  or  lower 
than  the  true  mean  (100%),  therefore  our  a  value  will  be  .05. 

The  calculaticm  of  a  t-test  also  uses  the  variable  v,  or  the  degrees-of-ireedom  .  This  is 
equal  to  the  number  of  data  points  in  the  set  of  measuremoits  minus  one  (or  n-1).  The  use  of  i'  in 
the  t-test  calculations  forther  enhances  the  use  of  a  t-test  in  our  accuracy  assessment  since  as  our 
data  set  increases,  the  t-critical  value  decreases  This  would  mean  that  with  a  larger  data  set  the 
test  becomes  more  stringent  and  thus  the  overall  accuracy  must  improve  over  the  duraticxi  of  a  field 
study. 

T-critical  values  are  read  from  a  table  of  values  based  on  the  n  and  a  values  used.  The 
test  value  from  the  set  of  percent  recovery  data  is  calculated  by; 

f-ji, 

where;  x  -  mean  of  sample  set  of  percent  recoveries 
/Xq  =  hypothetical  mean  (=  100%) 
s  =  standard  deviation  of  sample  set  of  percent  recoveries 
n  -  number  of  values  in  sample  set  of  percent  recoveries 

Summary  of  Useability  Standards.  Table  1 1  below  summarizes  the  data  useability 
standards  used  in  assessment  of  oivironmentai  data  sets  for  volatile  organic  compounds. 
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TABLE  11 


SUMMARY  0 

F  USEABILITY  STANDARDS 

CRITERIA 

STANDARD 

Data  Sources 

10%  off-site  verification. 

Analytical  methods  and 
Detecticm  Limits 

20%  of  risk  based  standard  for  ccxitaminant. 

Complet^ess 

95%  of  all  data  usable. 

Comparability 

Same  units  of  measure  w/  other  data  sources. 
Similar  detecticm  limits. 

PrecisicHi 

90%  RPD  values  within  standard  for 
contaminant  (Table  #). 

Accuracy 

%  recovery  for  ccmtaminant  pass  two  tailed  t- 
test  for  /io=100%. 

Application  of  Standards  to  CLP  Data  Set 

The  initial  use  of  the  standards  established  above  was  to  apply  them  to  a  set  of  data 
generated  at  an  off-site  laboratory  using  CLP  protocol  in  analyses  and  reporting.  A  lab  using  CLP 
methods  also  uses  similar  quality  control  procedures  as  those  discussed  above  for  use  on  field 
generated  data,  specifically;  percent  recoveries  on  spike  samples  and  relative-percent-differences  on 
duplicate  analyses. 

This  analysis  used  summary  results  collected  from  a  remedial  investigation  recoitly 
con:q}leted  cm  Wri^t-Patterson  AFB.  The  data  is  from  Landfills  8  and  10  at  WPAFB  and  was 
geierated  using  off-site  CLP  procedures.  The  data  base  is  very  large,  consisting  of  78  spike 
san^le  results  in  soils  sanqjles  and  102  spike  san^le  results  in  water  samples.  There  are  also  39 
spike  duplicate  samples  for  soils  and  5 1  for  water  (for  Relative  Percent  Difference  assessment). 

The  complete  raw  data  set  was  not  readily  available  as  it  is  extremely  voluminous  and  the 
ccmtractor  stores  it  off-site,  and  only  summary  results  for  the  ccxttaminants  of  ccxicem  were 
compiled  within  the  final  RI  rqrait  dcxximents.  This  data,  thou^  limited,  gives  a  gcxxl  indicaticm 
of  the  CLP  data  useability  as  compared  to  the  standards  established  herein. 

The  first  quantitative  standard  to  measure  is  that  of  data  sources.  This  standard  strictly 
applies  to  an  cm-site  generated  data  set  only  since  it  involves  the  off-site  verification  of  results. 
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Therefore,  this  standard  does  not  apply  to  off-site  or  CLP  generated  data.  It  is  important  to  note 
that  where  the  on-site  analyses  would  require  the  independent  verification  of  results  the  CLP  lab 
had  no  mechanism  for  indq)endait  verificatioi  to  support  the  results.  This  could  only  weaken  the 
validity  of  the  off-she  goierated  data. 

The  next  criteria  is  that  of  analytical  m^ods  and  detectioi  limits.  Since  this  data  set  was 
generated  using  CLP  protocol,  the  methods  used  are  obviously  accqitable  for  risk  assessment  use. 
The  CLP  SOW  requires  organic  analyses  by  the  use  of  Gas  Chromatography/Mass  Spectroscopy 
or  Gas  Chromatography/Electrcxi  Capture  methods  (EPA,  1991b;A-4).  The  detection  limits  of  the 
procedures  used  are  listed  below  (Table  12)  for  soil  and  water  samples.  As  can  be  seen,  all 
detection  limits  for  soils  analysis  easily  meet  the  standards  as  established.  Note  the  fluctuatioi  in 
the  detectiai  limits  due  to  soil  matrix  variability.  The  detection  limits  achieved  for  chloroform, 
carb<xi  tdxadiloride  and  benzene  in  water  fiiil  to  meet  the  established  standards. 

TABLE  12 

DETECTION  LIMITS  FOR  CLP  DATA  SET 
(soil  in  ug/kg  and  water  in  ug/L) 


Cmtaminant 

Det.  Limit-Soil 

Std.-Soil 

Det.  Limit-Water 

Std.-Water 

Chloroform 

11-13 

20,000 

2 

1 

1,1,1- 

Trichloroethane 

11-13 

1,400,000 

2 

40 

Carboi 

Tetiadiloride 

11-13 

980 

3 

1 

Tridiloroethoie 

11-13 

11,600 

1 

1 

Benzene 

11-13 

4,400 

2 

1 

Tetrachloro^oie 

11-13 

mBssm 

1 

1 

Toluaie 

11-13 

1 

200 

11-13 

1 

140 

wammmm 

11-13 

1 

20y0 

The  next  criteria  is  that  of  conqjleteness.  The  CLP  resuhs  from  this  project  accomplished 
a  conq>letraess  value  of  100%  for  both  soil  and  water  results,  easily  exceeding  the  standard  of 
95%.  This  based  1 1,496  usable  soil  data  points  of  a  total  number  of  1 1,550  points  and  14,121 


44 


usable  water  data  points  of  a  total  14,139  points  (a  "data  point"  is  a  single  record  for  a  given 
contaminant  in  a  given  sample). 

Hie  assessment  of  the  data's  comparability  is  insignificant  since  identical  standard* 
operating-procedures  (CLP)  at  the  same  lab(s)  generated  all  the  data.  Thus  the  detection  limits 
(with  the  exc^on  of  the  sli^  fluctuations  in  soils  results)  and  the  reliable  units  were 
coisistent  throughout  the  project. 

With  regard  to  the  assessment  for  data  precision,  tlie  relative  percait  difforoices  (RPD)  for 
this  CLP  data  were  broken  into  two  separate  categories;  one  for  matrix  spike  duphcate  analyses 
and  cme  for  the  blind  field  duplicate  analyses.  The  standard  established  above  is  meant  for  use  <xi 
all  duplicate  analyses  combined  into  a  single  data  set,  so  here  we  will  look  at  both  sqiarately  due  to 
the  reliance  (m  data  summary  r^rts.  Table  13  presents  the  results  of  the  matrix  spike  precision 
analysis.  Note  that  the  Landfills  8  and  10  documentatioi  presents  cmly  those  contaminants  of 
(xncem  for  vdiidi  the  CLP  SOW  recommends  standards.  All  the  mean  RPD  values  are  clearly 

TABLE  13 

CLP  MATRIX  SPIKE  DUPLICATE  PRECISION  ANALYSIS 


Contaminant 

Mean  RPD 

Soil  Results 

OC  Limit  SD 

No.  Points 

%  Within  Limit 

Trichloroethene 

7.0 

24 

6.7 

39 

97 

Benzene 

8.3 

21 

10.2 

39 

95 

Toluene 

8.8 

21 

9.2 

39 

95 

Water  Results 


Contaminant 

Mean  RPD 

QC  Limit 

SD 

No.  Points 

%  Within  Limit 

Trichloroethene 

5.9 

14 

6.0 

51 

94 

Benzene 

6.1 

11 

6.4 

51 

86 

Toluene 

6.0 

13 

5.1 

51 

88 

within  the  standards  for  eadi  oxitaminant.  The  results  for  the  soil  precision  analysis  are  all  within 
the  standard  percentile  of  90%  of  all  values  within  the  RPD  limit.  These  are  hi^  percentiles  for 
soil  results  and  are  likely  due  to  the  use  of  large  concentrations  of  spike  contaminants  to  nunimize 
matrix  and  homogeneity  effects  of  the  soils.  For  the  water  analyses,  those  with  more  stringent 
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RPD  limits,  baizene  and  toluene  were  not  within  the  percentile  standard  (86%  and  88% 
reg)ectively).  The  feet  that  both  regulatory  agencies  overseeing  the  project  (Ohio  EPA  and  US 
EP  A  Regicm  V)  found  these  values  to  be  acceptable  indicates  that  the  standards  established  within 
this  docummt  for  assessing  the  useability  of  field  generated  data  are  very  conservative  or  stringent. 

The  RPD  results  for  the  blind  field  dupheate  analyses  as  presoited  in  the  R1 
documoitation  for  Landfills  8  and  10  do  not  include  values  for  percoitage  of  results  within  the 
RPD  limit.  This  is  most  likely  due  to  the  absence  of  RPD  recommoided  standards  for  all  VOC's  of 
(xxicem  within  the  CLP  SOW.  Despite  this  absence,  the  results  of  the  blind  field  duplicate  RPD 
analyses  as  presented  in  Table  14  are  very  revealing.  The  mean  RPD  for  toluoie  and  xylene  in 
soils  clearly  exceeds  the  established  RPD  limit,  both  also  with  considerably  large  standard 
deviations.  This  is  a  strong  indication  that  a  large  percentage  of  the  results  are  well  beyond  the 

TABLE  14 

BLIND  FIELD  DUPLICATE  RPD  RESULTS 


Soil  Results 

Contaminant  Mean  RPD _ _ 


Chloroform 

5.77 

9.52 

24 

1 , 1 , 1 -Trichloroethane 

5.43 

8.64 

24 

Carbon  Tetrachloride 

5.77 

9.52 

24 

Trichloroediaie 

6.05 

9.71 

24 

Benzene 

11.29 

20.63 

21 

Tetrachloroethoie 

12.06 

22.25 

24 

Tolu«ie 

24.98 

36.18 

21 

Ethylbrazoie 

8.69 

18.41 

21 

24.88 

41.95 

21 

Water  Results 

Contaminant _ Mean  RPD _ _ ^L^fe 


Chloroform 

4.21 

27.28 

14 

1,1,1  -Trichloroethane 

0 

0 

14 

Carbon  Tetrachloride 

4.21 

27.28 

14 

Tridiloroethene 

0 

0 

14 

Benzene 

.54 

3.42 

11 

Tetradiloroethene 

4.21 

27.28 

14 

Toluene 

3.78 

22.88 

13 

Ethylbenzene 

4.45 

27.27 

13 

iSSSSHHHH 

.24 

1.26 

13 
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established  90%  percentile  standard  for  results  within  the  limit,  thus  failing  the  test  for  data 
acceptability.  The  mean  RPD  for  the  water  results  here  are  easily  all  within  the  established  limit 
but  have  standard  deviati(His  much  greater  than  those  seen  for  the  matrix  spike  dupUcates.  The 
zero  values  for  the  mean  RPD  for  1,1,1-TCA  and  TCE  are  most  likely  due  to  the  total  absoice  of 
these  conqxjunds  in  any  of  the  analyzed  samples.  This  is  also  likely  the  cause  for  the  very  low 
values  in  the  benzene  and  xylaie  results. 

The  percent  recovery  analysis  of  the  CLP  data  accuracy  is  also  limited  to  only  those 
contaminants  of  concern  having  recommended  limits  in  the  CLP  SOW;  tridiloroethene,  benzene, 
and  toluaie.  The  t-test  for  assessmait  of  the  data  useability  based  on  percent  recoveries  in  matrix 
spike  samples  was  applied  to  this  data  and  the  results  tabulated  in  Table  15.  For  the  soils  results, 
boizene  displayed  very  good  accuracy  having  a  m^m  %R  value  extremely  close  to  the  true  value 
of  100%  and  a  t-test  statistic  value  of  .05  wdiidi  easily  passes  the  hypothesis  test.  Ahhou^ 
tridiloroethaie  displayed  a  mean  %R  value  just  sli^itly  below  the  actual  100%  mean,  it  barely 


TABLE  IS 

t'TEST  FOR  CLP  ANALYSES  IN  SOILS 


Mean 

%  Recoverv 

Standard 

Deviation 

Number  of 
Points 

Test  Statistic 
Value 

t-Critical  for 
Qr=.10 

Trichloroethene 

97.1 

12.9 

78 

-1.99 

1.66 

Benzene 

100.1 

16.4 

78 

0.05 

1.66 

Toluene 

112.8 

23.8 

78 

4.75 

1.66 

t-TEST  FOR  CLP  ANALYSES  IN  WATER 

Mean 

%  Recoverv 

Standard 

Deviation 

Number  of 
Points 

Test  Statistic 
Value 

t-Critical  for 
a=.10 

Trichloroethene 

101.7 

10.3 

102 

1.67 

1.66 

Benzene 

104.9 

10.9 

102 

4.54 

1.66 

Toluene 

102.8 

10.4 

102 

2.72 

1.66 
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fiuledthet-test.  Toluene  was  clearly  biased  hig^  and  easily  felled  the  t-test.  As  for  the  water 
analyses,  all  three  contaniinants  were  close  to  the  true  mean  of  100%  but  only  tridhloroethene 
passed  the  t-test. 

In  summary,  the  analysis  of  the  CLP  data  set  based  on  the  above  established  standards 
resulted  in  a  very  poor  evaluation,  the  basis  of  this  evaluation,  this  data  would  NOT  be 
recommended  for  use  in  risk  assessmoit  calculations.  The  feet  that  regulating  agencies  found  this 
data  acceptable  for  its  use  in  risk  calculatiois  emphasizes  the  conservative  nature  of  the  criteria 
and  associated  standards  established  herein,  and  that  a  truly  strict  adhermce  may  not  always  be 
necessary. 

Application  of  Standards  to  Field  Generated  Data 

The  previous  section  showed  how  an  EPA  accq>ted  data  set  goierated  by  an  ofP-site 
laboratory  using  CLP  protocol  performed  against  the  data  useability  standards  establi^ed  within 
this  study.  The  results  were  well  short  of  ideal.  Now  we  will  use  the  same  criteria  and  standards 
to  evaluate  the  useability  of  field  goierated  data  for  risk  assessment  purposes. 

The  data  set  used  for  testing  the  standards  is  one  recently  generated  at  Wri^-Patterson 
AFB  Operable  Unit  2.  The  remedial  investigation  at  this  qierable  unit  used  the  field  data  as  a 
screening  tool  for  monitoring  well  screen  placement  and  eventually  for  contaminant  plume  chasing, 
but  not  for  risk  assessment  purposes  (Engineering-Science,  1992;  10-1 1).  The  field  analysis  lab 
used  in  this  project  followed  U  S.  EPA  DQO  Level  11  analytical  protocols  (Engineering-Science, 
1992:1).  For  the  risk  assessment  calculations,  the  project  relied  solely  on  data  frenn  an  off-site 
CLP  laboratory.  The  sites  contained  within  Operable  Unit  2  included  the  following; 

-Burial  Site  1;  site  of  burial  of  approximately  4200  gallons  of  fuel  tank  sludge. 

-Spill  Site  2;  spill  of  approx.  8300  gallons  of  JP-4. 

-Spill  Site  3;  spill  of  approx.  1200-2500  gallcxis  of  fuel  oil. 

-Spill  Site  10;  spill  of  a(q)rox.  150  gallons  of  JP-4. 
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•Long-Tenn  Coal  Storage  Area. 

-Temporary  Coal  Storage  Area. 

-Coal  &  Chemical  Storage  Area. 

-Building  89  Coal  Storage  Area 

The  resulting  chemicals  of  concern  are  Volatile  Organic  Conqx)unds  and  free  product  from  the 
spill  sites  and  the  burial  site  and  metals  frmn  the  coal  storage  areas  plus  lead  frcnn  die  sludge  burial 
site  (Engineering-Science,  1992:4-6).  Therefore,  diis  area  is  a  good  test  site  for  the  assessment  of 
the  established  data  useability  criteria. 

Data  Sources.  The  remedial  investigaticai  at  Operable  Unit  2  did  not  take  full  advantage 
of  the  use  of  field  generated  data.  All  data  used  in  the  risk  assessment  calculations  were  generated 
by  CLP  protocol  at  off-site  lab(s).  Therefore,  a  great  pn^rtico  of  the  environmental  data 
generated  in  this  study  was  via  CLP  procedures,  easily  meeting  the  standard  for  data  sources  of 
having  a  minimum  of  10%  of  all  sairqiles  verified  by  off-site  labs. 

Analytical  Methods  and  Detection  Limits— Soils.  A  list  of  die  detection  limits  for  soil 
analyses  achieved  by  the  field  lab  at  Operable  Unit  2  as  compared  to  the  established  standard 
detection  limits  is  in  Table  16.  The  detection  limits  adiieved  by  the  on-site  field  lab  easily  met  the 
standards  as  established.  Sudi  low  detection  limits  were  adiievable  by  the  use  in  the  field  of  a  gas 
dirmnatogrsqih  without  mass  spectroscopy  as  is  used  in  the  conduct  of  CLP  analyses.  Any  value 
falling  below  the  detection  limit  is  r^rted  as  the  detection  limit  and  it  is  these  reported  values 

used  in  the  following  assessments  of  precision  and  accuracy  of  the  data. 

TABLE  16 

ANALYTICAL  DETECTION  LIMITS  OF  ON-SITE  LAB  FOR  SOILS 


Contaminant 

Standard  D.L.  fonb) 

On-site  Lab  D.L.  foDbl 

Benzene 

4,400 

1 

Toluene 

3,200,000 

1 

Ethylbenzene 

1,560.000 

1 

Xylene 

32,000,000 

1 

Chlorofi>rm 

20,000 

.5 

1,1,1-TCA 

1,400,000 

.5 

Carbon  Tetradiloride 

980 

.5 

Tridiloroediene 

11,600 

.5 

Tetrachloroethene 

2,400 

.5 
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Analytical  Methods  and  Detection  Limits-Water.  Table  17  lists  the  detection  limits 
achieved  by  the  on-site  lab  for  water  (ground  water  and  surfoce  water)  samples  and  how  they 
conpare  to  the  establi^ed  standards.  The  detectioi  limits  achieved  by  the  on-site  lab  for  water 
analyses  were  also  well  within  the  standards.  As  with  the  detection  limits  (» the  soils  analyses, 
any  contaminant  not  detected  in  the  sanq>le  resulted  in  a  r^rted  value  equal  to  the  detecticm  limit 
and  tiiese  values  are  used  in  the  analysis  of  precisicxi  and  accuracy  of  the  data. 

TABLE  17 

ANALYTICAL  DETECTION  LIMITS  OF  ON-SITE  LAB  FOR  WATER 


Contaminant 

Standard  D.L.  foob) 

On-site  Lab  D.L.  (nob) 

Benzene 

1 

.5 

Tolueie 

200 

.5 

Ethylbenzene 

140 

.5 

Xylene 

2000 

.5 

Chloroform 

1 

.2 

1,1,1-TCA 

40 

.2 

Carbon  Tetrachloride 

1 

.2 

Tridiloroethene 

1 

.2 

Tetradiloroethene 

1 

.2 

Completeness.  Without  the  comply  laboratory  raw  data  sheets  and  the  field  nctes  a 
thorough  assessmoit  of  conciseness  is  difficult  to  conduct.  The  completeness  analysis  is  typically 
based  <xi  (xmcleticxi  of  the  data  review  qualitative  assessmsit;  not  conducted  under  this  study. 

One  potoitial  source  for  analytical  error  effiscting  the  conciseness,  the  exceedence  of  sancle 
holding  time,  would  naturally  be  limited  by  the  lack  of  a  packaging  and  shqcfog  requirement  and 
very  rapid  turnaround  of  sancles  by  the  on-site  lab.  Transcription  errors  and  calculatioi  errors 
can  nS  be  identified  in  a  cursory  review  of  the  compiled  data  sheets  as  were  available  for  this 
study. 

A  cursory  review  of  the  compiled  data  sS  was  coiducted  with  attention  paid  to  samples 
having  missing  data  or  analytical  results  of  obviously  errmeous  values  possibly  resulting  fiom  lab 
ccntamination  or  equipment  failure.  This  review  could  not  identify  all  possible  unusable  data 
points. 
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The  field  goierated  data  set  reviewed  from  Operable  Unit  2  included  2,709  possible  data 
points  from  water  analyses  and  14,004  possible  data  points  from  soils  analyses.  Of  the  water 
sanq)le  results,  six  entire  sanq)les  were  rejected;  four  due  to  the  lack  of  precise  dq^th  locatioi 
infoimation  and  two  due  to  extremely  higfi  results  possibly  resulting  firom  fiee  product  (fuels) 
interferaices.  This  resulted  in  a  calculated  completsiess  for  water  data  of  98.00%.  Of  the  soil 
results  only  three  data  points  of  the  14,000  were  rejected  due  to  imprecise  values  recorded  with  a 
"number  +"  designation.  The  calculated  corrqjlqeness  based  on  this  review  is  99.97%.  Both  of 
these  are  easily  well  above  the  standard  of  95%. 

Comparability.  The  units  of  measure  for  both  the  <xi-site  generated  data  and  the  off-site 
CLP  data  are  con^jarable  at  micrograms  per  gram  for  soils  and  micrograms  per  liter  for  water; 
both  being  equivalent  to  parts-per-billion  (ppb). 

The  difficulty  m  assessing  the  conqiarabil^  in  the  detecticn  limits  of  each  data  set  is  with 
the  rqx>rted  quantities.  With  the  on-site  data,  if  no  coitaminant  was  observed  in  a  particular 
sample,  the  reported  value  is  the  detectitm  limit.  With  the  off-site  CLP  analyses  the  quantitatioi 
limit  is  rqx>rted  when  no  contaminant  is  detected.  The  quantitaticm  limit  is  consistently  higher  than 
the  detection  limit.  If  detection  of  contamination  in  an  off-site  sanq>le  is  below  the  quantitation 
limit,  the  rq)orted  value  is  equal  to  level  measured;  with  some  qualifiers.  Detection  limits,  and 
more  inqKjrtantly  the  quantitaticm  limits,  are  consistently  hi^er  for  soils  than  for  waters  due  to  the 
adjustments  on  soils  to  allow  for  sample  diluticms  and  moisture  content  (EPA,  1991b;B-33).  As 
can  be  seen  in  Table  18,  the  off-site  quantitation  limits  are  considerably  higher  than  the  cm-site 
detecticxi  limits,  and  even  the  off-site  minimum  detected  levels  are  higher  than  the  cm-site  d^ecticm 
limit.  These  minimum  detected  levels  presorted  in  Table  18  are  only  those  values  lower  than  or 
equal  to  the  quantitation  limits. 
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TABLE  18 

COMPARISON  OF  ON-SITE  AND  OFF-SITE 
DETECTION  AND  QUANTITATION  LIMITS  (m  oob) 


DL  Water 

QL  Water 

Min  Detect 

DLSoil 

QLSoil 

Min  Detect 

On-Site 

Off-Site 

Off-site 

On-Site 

Off-Site 

Off-site 

Lab 

Lab 

Water 

Lab 

Lab 

Soils 

Benzene 

0.5 

2.0 

0.7 

1.0 

10-12 

2.0 

Toluoie 

0.5 

1.0 

0.6 

1.0 

10-12 

2.0 

Ethylbenzaie 

0.5 

1.0 

1.0 

1.0 

10-12 

2.0 

Xylaie 

0.5 

1.0 

- 

1.0 

10-12 

2.0 

Qiloroform 

0.2 

2.0 

0.6 

0.5 

10-12 

- 

1,1,1-TCA 

0.2 

2.0 

0.5 

0.5 

10-12 

2.0 

Carbon  Tet. 

0.2 

3.0 

- 

0.5 

10-12 

- 

TCE 

0.2 

1.0 

0.9 

0.5 

10-12 

2.0 

PCE 

0.2 

1.0 

0.6 

0.5 

10-12 

2.0 

Precision— Water.  The  foUowing  two  data  evaluatioi  criteria,  those  of  precisioi  and 
accuracy,  are  most  rq)resentative  of  the  true  nature  of  the  data  set  due  to  the  entirety  of  values 
available  for  concise  measurement.  Each  contaminant  of  concern  is  evaluated  s^arately  to 
provide  an  understanding  of  the  precision  and  accuracy  measurement  of  each  by  the  field 
laboratory.  First  we  look  at  the  precision  ofthe  field  analyses  on  water  samples.  A  similar 
assessment  of  precision  on  soil  sanq>les  follows. 

Benzene.  The  initial  st^  in  die  precisioi  assessment  of  a  given  crmtaminant  was 
to  calculate  the  Relative  Percent  Difference  (RPD)  values  for  each  duplicate  sample  analysis. 
Appautix  A  contains  the  entire  data  set  and  calculated  RPD  values.  The  next  step  was  to  construct 
a  histc^iam  displaying  the  distribution  of  the  results  in  relation  to  the  established  standard  (Figure 
1).  The  two  iirqxirtant  values  for  assessment  of  the  RPD  distribution  and  the 
precision  in  analysis  of  benzene  is  the  mean  RPD  and  the  percentage  of  the  values  within  the 
established  standard  (percaitile).  These  values  are  di^layed  below.  The  "%  Within  Standard” 


52 


value  determines  A^diether  the  data  for  this  c<»taminant  passes  the  standard  for  precision  (90%). 
The  "Mean  RPD"  offers  an  indicaticm  of  the  overall  strength  of  the  analytical  procedure  ir  the 


Fig.  1 .  Distribution  of  RPD  Values  for  Benzene  in  Water 


precision  assessment.  The  lower  the  mean  value  (closer  to  zero  or  "perfect  precision")  the  better 

the  precisioi.  The  analyses  of  boizoie  by  the  field  lab  passes  the  test  standard  for  precisicxi  with 

Mean  RPD  %  W/in  Standard 

BENZENE  I  TTl  I  9000  I 


90%  of  the  samples  within  the  standard  of  1 1%  RPD.  The  mean  of  3.8%  RPD  indicates  very  little 
variation  in  the  analysis  of  benzoie  concoitraticais. 

Toluene.  Figure  2  presents  the  distribution  of  RPD  values  for  toluene  and  the 
resulting  values  are  below.  The  mean  RPD  for  toluene  analysis  is  5.22%,  considerably 


Fig.  2.  distribution  of  RPD  Values  for  Toluaie  in  Water 
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below  the  standard  of  13%.  The  percentage  of  values  within  tiie  RPD  limit  is  90%,  meeting  the 
precision  standard.  Therefore  the  field  analysis  process  maintained  sufBcioit  precisicsi  for  the 
analysis  of  toluene  in  water. 


TOLUENE 


Mean  RPD  %  W/in  Standard 


5.23 


90.00 


Ethylbenzene.  Ahhou^  the  majority  of  the  values  for  RPD  of  ethylboizene  are 


within  the  0-1%  (Figure  3),  the  data  foils  to  pass  the  standard  for  precisicm  with  wily  87.5%  of  the 


RPD  values  foiling  within  the  RPD  maximum  standard  of.  13%.  The  mean  RPD  of  3.73  indicates 
that  the  overall  precision  of  the  data  stt  is  foirly  good  and  a  review  of  the  distribution  of 


ETHYLBENZENE 


Mean  RPD 


%  W/in  Standard 


3.73 


87.50 


RPD  values  for  ethylboizene  show  that  two  values  are  only  sli^tly  outside  the  accqjtable  range. 


Although  this  data  foils  the  precision  standard,  it  is  very  close  to  being  of  accqrtable  quality.  In 


comparison,  the  mean  RPD  for  water  analyses  seen  for  CLP  data  earlier  was  higher  at  4.45%. 
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Xylene.  The  precisioi  analysis  of  xylene  results  from  the  field  lab  are  not  as  good 


as  die  previous  cxxitaminants  but  is  still  promising.  Figure  4  shows  a  distribution  of  RPD  values 


heavy  in  very  low  results  but  a  fairly  broad  spread  of  outliers.  The  mean  RPD  is  well  within  the 
maximum  allowable  RPD  but  the  volume  of  results  within  the  standard  (85%)  &ils  the  90% 


limitation. 


XYLENE 


Mean  RPD  %  W/in  Standard 
Slo  85.00 


Chloroform.  Figure  5  contains  the  distributi<xi  of  values  for  chloroform  in  water.  Despite 
a  pair  of  extreme  outliers  in  the  range  of  80%  RPD,  there  is  a  strong  distribution  in  the  lower 


Fig.  5  Distribution  of  RPD  Values  for  Chloroform  in  Water 


nmges.  These  outliers  have  an  effect  ai  the  mean  RPD  (7.35%)  vhich  is  still  well  within  the 


CHLOROFORM 


Mean  RPD 
I  7.35  ~ 


%  W/in  Standard 
85.00 


maximum  allowable  RPD.  The  same  two  outliers  are  preventing  the  data  from  passing  the 
precisicm  test  of  90%  within  range,  having  a  result  of  85%  within  range  which  is  still  very  strong. 

Ijlyl-Trichloroethane.  As  seen  in  the  RPD  results  distribution  in  Figure  6,  caily  five  of 
forty  values  lie  beycmd  the  maximum  RPD  standard.  Overall,  the  distribution  is  stroigly  below  the 
standard  as  shown  by  the  mean  RPD  of  4.27%.  The  precisian  assessment  fails  sli^tly  with  (xily 
87.5%  of  the  values  within  the  standard. 


Histocnm.*  RPD  1.  I.  I-^ITA  in  Water 


Fig.  6.  Distribution  of  RPD  Values  for  1,1,1-TCA  in  Water 


1,1,1-TRICHLOROETHANE  [ 


Mean  RPD 


%W/inStd. 


4.27 


87.5 


Carbon  Tetrachloride.  The  on-site  analysis  for  carbon  tetradiloride  shows  the  best 
precisian  of  all  contaminants  evaluated.  The  mean  RPD  is  extremely  low  at  2.25  %  and  the 
percoitage  of  values  within  the  standard  of  14%  is  a  total  of  97.5%.  This  is  due  to  cnly  one  value 


(of  forty)  being  beyond  the  standard. 
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Trichloroethene.  The  analysis  of  TCE  is  also  very  precise  based  on  the  assessment  tools 
used  herein.  A  total  of  97.5%  of  the  RPD  values  fall  within  the  standard  maximum  RPD  (only  cme 


Mean  RPD 


%W/inStd. 


TRICHLORORETHENE 


3.17 


97.5 


1 


outlier  at  1 9%  RPD)  and  the  overall  mean  for  all  RPD  values  is  a  very  low  3. 1 7%.  The  individual 
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value  felling  beyoid  the  standard  is  from  the  same  sanq)le  having  the  only  outlier  for  carbon 
tetradiloride.  This  is  due  to  either  inq)rq}er  handling  of  the  sample  by  the  lab  or  a  matrix 
interference  in  this  particular  sample. 

Tetracbloroethene.  The  precisicm  analysis  for  PCE  meets  the  standards  as  established 
with  90%  of  the  RPD  values  being  within  the  accqjtable  range  and  a  relatively  low  mean  RPD  of 


3.97%. 


Hstocrem:  RPD  PCE  in  Water 


Fig.  9.  Distribution  of  RPD  Values  for  PCE  in  Water 


TETRACHLOROETHENE 


Mean  RPD  %W/inStd. 


3.97 


90.0 


Precision— SoUs.  The  results  of  the  precisicxi  analysis  for  on-site  measurements  of  VOC 
contaminants  in  soils  are  much  more  consistent  than  those  seoi  in  the  analysis  of  water  results. 
This  is  likely  due  to  the  greater  munber  of  soil  sample  results  than  for  water;  207  cases  versus  40 
cases.  Appendix  B  contains  the  conplete  data  sets  and  calculations  for  the  relative  difference 
values  for  all  contaminants.  The  mean  RPD  values  for  all  contaminants  of  oxicem  ranged  from  a 
low  of  3.71%  for  chloroform  to  7.88%  for  toluene.  All  mean  RPD  values  are  very  gcxxi  whai 
ccxisidering  the  maximum  RPD  standards  to  be  with  2 1  or  24%  for  a  givoi  contaminant. 
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The  analysis  of  percentiles  of  RPD  results  within  the  standard  maximum  is  also  very 
consistent  from  crmtaminant  to  crxitaminant  (see  Table  19).  The  values  ranged  from  88%  for 
xylene  to  99%  for  chloroform.  Only  xylaie  and  ethylbenzene  failed  to  meet  the  standard  of  a 
minimum  percentile  of  90%  within  the  maximum  RPD  value,  but  both  were  very  close.  These  two 

TABLE  19 

PRECISION  ANALYSIS  RESULTS-ON-SITE  SOILS  ANALYSES 


Mean  RPD 

Percentile  W/in 
Standard 

Boizene 

6.67 

94.0 

Toluaie 

7.88 

90.0 

Efoylbenzoie 

7.51 

89.0 

Xylene 

7.59 

88.0 

Chloroform 

3.71 

99.0 

1 , 1 , 1 -Trichloroethane 

4.77 

98.0 

Carbon  Tetrachloride 

4.57 

98.0 

Trichloroefoene 

6.64 

97.0 

Tetrachloroethene 

7.61 

96.0 

contaminants,  and  the  two  with  resulting  percentiles  within  the  standard  of  90%  (benzene  and 
toluene),  are  the  four  of  the  nine  having  the  more  stringent  maximum  allowable  RPD  of  2 1  %.  The 
remaining  oxitaminants,  those  having  a  maximiun  standard  of  24%  had  resulting  percoitiles  which 
were  much  higher  (96-99%). 

Figures  10  and  1 1  below  offer  two  examples  of  the  distributiOT  of  results,  which  are 
r^resoitative  of  all  contaminants.  Note  the  greater  spread  in  the  distributions  than  those  sear  in 
the  precision  analysis  of  water  results  with  some  values  reaching  100%  and  beyond.  Figure  10 
shows  foe  distribution  of  RPD  results  for  xylene,  one  of  those  that  failed  foe  percaitile  standard. 
Chloroform  was  foe  best  of  those  contaminants  exceeding  foe  standard  and  is  displayed  in  Figure 
11. 
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Accuracy— Water.  As  was  dcme  with  the  precisicm  analysis  of  the  field  generated  data, 
the  accuracy  analysis  of  the  same  data  set  was  completed  on  a  diemical  specific  basis.  This  allows 
for  the  individual  evaiuatitxi  of  the  performance  of  the  field  laboratory  on  the  specific  chemicals  of 
concern  to  assess  any  variability  in  performance  from  one  contaminant  to  another. 

The  initial  st^  in  the  accuracy  assessment  for  the  chemicals  in  both  water  and  soil 
samples  was  to  compile  the  data  according  to  chemical  compound  and  calculate  the  percent 
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recovery  for  all  available  matrix  ^ike  analyses.  Appendix  C  contains  the  conqrlete  results  for 
water  samples. 

The  two-tailed  t-test  was  used  to  test  the  hypothesis  that  the  mean  of  the  sample  set  of 
percent  recovery  values  was  not  significantly  different  ffmn  the  true  mean  value  of  100%  recovery. 
Before  application  of  the  t-test,  a  test  for  data  set  normality  had  to  be  conducted  to  assure  that  foe 
data  was  "near  normal".  This  test  for  normality  was  accomplished  by  running  foe  Wilk-Shapiro 
test  cn  foe  data  set  which  calculates  a  value  ranging  frtxn  zero  to  one;  zero  being  no  resemblance  of 
normality  and  me  being  a  perfectly  normal  distribution.  A  value  of  .80  or  greater  is  needed  for  a 
data  set  to  be  deemed  to  have  at  least  a  near  normal  distribution  (Reynolds,  1 994). 

Finally,  foe  t-test  was  run  for  eadi  contaminant  having  passed  foe  test  for  normality. 
Microsoft  Excel  spreadsheets  were  used  to  run  foe  t-test.  The  resulting  t  value  is  ether  negative, 
representing  mean  bias  below  foe  true  mean  of  100%,  or  positive,  rqrresenting  a  mean  bias  above 
foe  true  mean  of  100%.  Since  we  are  running  a  two^iled  test,  foe  t-critical  value  to  whidi  we 
compare  foe  calculated  t  value  to  is  either  positive  or  negative  and  for  foe  data  to  pass  foe  test  it 
must  foil  within  foe  range  represented  by  foe  positive  and  n^ative  t-critical  values. 

All  of  the  compounds  passed  foe  Wilk-Shapiro  test  for  water  analyses  percent  recovery 
with  foe  excqrtion  of  tetrachloroefoene  (PCE).  Table  20  displays  a  summary  of  foe  resulting 
values  and  ^rpendix  D  contains  foe  foil  results.  'The  foilure  of  foe  PCE  data  to  pass  foe  test  for 
normality  is  due  to  two  extrmie  outliers  as  can  be  seen  on  foe  distribution  presentation  in  Figure 
20. 


TABLE  20 

WILK-SHAPIRO  NORMALITY  TEST  RESULTS 
PERCENT  RECOVERIES-WATER  ANALYSES 


Wilk-Shapiro  Value 

Benzene 

.8502 

Toluene 

.8319 

Efoylbenzene 

.8647 

Xylene 

.8706 

Chloroform 

.8902 

1 , 1 , 1 -Trichloroefoane 

.8318 

Carbon  Tetrachloride 

.8540 

Trichloroefoene 

.8124 

Tetrachloroefoene 

.7410 
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A  siunmaTy  table  of  eadi  cootaminant  of  concern,  the  associated  calculated  t  values  for 
each  set  of  percent  recovery  values,  and  the  appropriate  t-critical  values  for  die  number  of 
observaticais  is  presented  in  Table  21  below.  Following  the  siunmary  table  is  a  brief  discussion  of 
each  contaminant  data  set,  its  distribution  (w/  normal  curve  superimposed),  and  interpretation  of 

the  t-test  results.  (Nc^  that  scales  for  %R  values  in  distributions  vary.) 

TABLE  21 

T-TEST  RESULTS  FOR  %  RECOVERY  IN  WATER  SAMPLES 


Contaminant 

Mean  %  Recovery 

t-Value 

t-Critical 

Pass/Fail 

Benzme 

95.59 

-0.783 

±1.721 

Pass 

Toluoie 

92.12 

-1.407 

±1.721 

Pass 

Ethylboizoie 

91.80 

-1.533 

±1.721 

Pass 

Xylare 

113.90 

1.478 

±1.721 

Pass 

Chloroform 

79.36 

-4.862 

±1.721 

Fail 

1 , 1 , 1 -Trichloroethane 

73.61 

-6.501 

±1.721 

Fail 

Carbon  Tetrachloride 

84.73 

-3.016 

±1.721 

Fail 

Trichloroethene 

78.00 

-4.834 

±1.721 

Fail 

Tetrachloroethene 

102.55 

0.228 

±1.721 

Pass 

Benzene.  Figure  12  presents  the  distribution  of  the  percoit  recovery  results  for 
benzene  analysis  in  water  by  the  field  lab.  As  can  be  seen,  there  is  a  strong  normal  distribution 
centering  aroimd  a  100%  recovery  value.  This  is  realized  in  the  results  of  the  t-test  which  is  passed 
easily  and  the  mean  of  the  values  of  95.59%,  slightly  biased  low  but  very  near  the  ideal  of  100%. 
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Toluene.  Figure  13  shows  the  distributicHi  of  toluene  percoit  recovery  results. 
The  distributi(xi  is  not  as  strcngly  normal  as  that  seen  for  benzene,  with  a  majority  of  the  values 


centered  at  the  100%  expected  mean  and  a  few  outliem  cm  both  sides.  The  bias  is  sli^tly  low  as 
seen  in  die  mean  percent  recoveiy  of  92. 1 4%  and  a  negative  t-value.  The  t-test  passes  and 
therefore  meets  the  estabUshed  criteria  for  use  in  risk  assessment. 

Ethylbenzene.  Figure  14  below  includes  the  percent  recovery  distribution  for 
ethylboizene  in  water.  A  strcmg  majority  of  the  values  are  within  the  recommended  minimum  and 
maximum  range  of  percent  recoveries  and  the  mean  is  sli^itly  biased  low  at  91.8%  recovery.  The 
t-value  is  also  n^ative  but  passes  the  test  for  being  within  the  level  of  significance  in  relaticm  to  the 
true  mean  of  100%. 


Xylene.  The  measurement  of  xylene  in  water  san^les  by  the  on-site  field  lab  also 
passes  die  test  standard  for  accuracy.  Figure  15  presents  the  distribution  of  results.  The  percoit 
recovery  distribution  for  xylene  differs  from  the  first  three  contaminants  observed  in  that  there  is  a 
stronger  bias  of  outliers  on  the  hig^  end;  in  fact  considerably  hi^er  than  seen  previously  (up  to 


Fig.  15.  Distribution  of%R  Values  for  Xylaie  in  Water 


nearly  210%).  The  reason  for  the  several  higher  %R  'values  in  the  xylene  analysis  is  not  easily 
identified  but  may  be  a  result  of  the  very  low  water  solubility  combined  with  the  relatively  low 
vapor  pressure  for  xylene  (Table  9).  This  could  also  be  a  result  of  peak  interferoices  cxi  the  gas 
duromatograph  output  diaits  making  delineaticxi  of  xylene  from  another  nearby  compound 
difficult.  This  results  in  a  mean  percoit  recovery  also  biased  high  at  1 13.9%  and  a  positive  t-test 
value.  The  data  still  passes  the  t-test  whidi  justifies  its  use  in  risk  assessment  calculatims. 

Chloroform.  As  seal  in  Figure  16,  the  distributioi  of  percait  recovery  for 
diloroform  in  water,  the  majority  of  the  recovery  values  are  below  the  100%  value.  This  results  in 
a  strongly  biased  low  mean  percait  recovery  of  79.36%  and  a  failure  of  the  t-test  widi  a  t-value  of 
-4.86  as  conqsared  to  a  t-critical  value  of  1 .72.  This  would  reconunend  a  friilure  in  the  accuracy 
measuremait  of  diloroform  in  water  by  the  field  lab  and  thus  not  suggested  for  use  in  risk 
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assessment.  The  failure  is  de^he  the  fiict  that  a  majority  of  the  values  falling  within  the  range  of 
minimum  and  maximum  allowable  recoveries.  This  is  fiuther  proof  of  the  stringency  of  the 
acceptance  criteria  and  standards  established  herein. 


Fig.  16.  Distribution  of  %R  Values  for  Chloroform  in  Water 


l,i4-Trichloroetliane.  As  with  the  results  seen  with  chloroform  above,  the 
percent  recovery  results  for  1,1,1-TCA  are  also  biased  relatively  low  as  seen  in  Figure  17.  The 


percent  recovery  mean  value  of  73 .6 1  %  and  a  strcmgly  negative  t-value  of  -6.50,  w^ich  easily  fails 
the  t-test,  displays  this  bias.  Therefore,  this  data  is  not  recommoided  for  use  in  risk  calculatiois. 


Fig.  17.  Distribution  of  %R  Values  for  1,1,1-TCA  in  Water 
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Carbon  Tetrachloride.  Carbcn  Tetradiloride  percent  recovery  results  also  &il 
the  t-test  for  accuracy.  Again,  a  low  bias  causes  this  feilure  as  seen  in  Figure  18  below.  Evm 
thou^  a  majority  of  the  results  fell  within  the  range  of  acceptance,  the  t-value  of  -3.02  &ils  the  t- 
test  due  to  a  strong  tendency  for  the  values  below  foe  ideal  mean  of  1 00%,  as  seen  by  foe  mean 
percoit  recovery  for  Carbon  Tetrachloride  of  84.73%. 


Fig.  1 8.  Distribution  of  %R  Values  for  Carbon  Tet.  in  Water 
Trichloroethene.  The  results  of  foe  accuracy  analysis  of  TCE  in  water  samples 
are  very  similar  to  that  seen  in  foe  analysis  of  carbcm  tetrachloride  and  1,1,1-TCA.  TCEalsohas 
a  biased  low  mean  percent  recovery  of  78.0%  and  a  strongly  negative  t-value  of  -4.834  which  foils 
foe  t-test  for  data  accuracy.  Thus,  it  is  not  lecomm^ded  that  this  data  be  used  for  risk 
calculations  from  TCE.  This  is  unfortunate  since  TCE  was  one  of  foe  primary  contaminants  of 
concern  for  foe  investigation  vdiidi  generated  this  data  set. 
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Fig.  19,  Distribution  of  %R  Values  for  TCE  in  Water 
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Tetrachloroethene.  We  will  recall  that  the  data  set  for  percent  recoveries  ofPCE 
in  water  foiled  the  test  for  normal  distribution.  As  seen  in  Figure  20  below,  the  data  is  foiriy 
strongly  normal  with  the  excqition  of  two  extremely  high  values.  These  values,  256%  and  236%, 


are  much  higher  than  any  seen  in  the  data  sets  from  other  contaminants.  As  was  seen  in  the 
assessment  of  xyloie  percent  recovery  values,  these  hi^  values  may  be  the  result  of  gas 
chromatogitqfo  column  interferences  from  another  volatile  compound.  With  the  inclusion  of  these 
data  points  the  mean  percoit  recovery  for  PCE  is  102.55  which  easily  passes  the  t-4est  with  a  very 
low  t-value  of  .228.  By  excluding  these  two  points  and  recalculating  the  t-test,  the  data  foils  the 
evaluation  standard  for  accuracy  with  a  t-value  of  -2.09  and  a  mean  percent  recovery  value  of 
88.2.  On  the  basis  of  this  assessment,  it  is  not  recommended  that  this  data  be  used  for  risk 
calculations  due  to  its  displayed  lack  of  accuracy. 
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Accuracy— Soils.  The  accuracy  analysis  of  die  soils  data  from  the  field  lab  was  conducted 
the  same  way  as  that  on  die  water  data.  Appendix  E  contains  the  data  analysis  sheets  and  conqilete 
percent  recovery  results.  With  the  soils  we  are  dealing  with  a  mudi  larger  data  set;  a  total  of  124 
matrix  spike  and  matrix  spike  duplicate  samples.  This  has  some  obvious  effects  on  the  data  and 
there  are  other  difieroices  that  are  not  so  easily  explained. 

The  initial  step  mce  again  was  to  run  the  data  set  for  each  contaminant  through  die  Wilk- 
Shapiro  test  for  normality  to  assure  the  validity  of  the  t-test.  All  contaminants  showed  a  very 
strong  normality,  mudi  stronger  than  that  seen  with  the  water  data.  This  is  due  to  the  greater 
number  of  data  points  in  the  soils  data  sets.  Below  is  a  tabulaticxi  of  the  Wilk-Shapiro  results 
(Table  22)  and  Appoidix  F  contains  the  cxxnplete  graphical  results. 


TABLE  22 

WILK-SHAPIRO  NORMALITY  TEST  RESULTS 
PERCENT  RECOVERIES-SOE.  ANALYSES 


Wilk-Shapiro  Value 

Beizene 

.9695 

Toluene 

.9762 

Ethylbenzene 

.9819 

Xylene 

.9455 

Chloroform 

.9483 

1 , 1 , 1 -Tridiloroethane 

.9313 

Carixxi  Tetrachloride 

.9298 

Tridiloroethene 

.9478 

Tetrachloroethene 

.9606 

Despite  the  clear  passj^e  of  each  data  set  in  the  test  for  normality,  the  distribution  plots 
for  the  contaminant  results  in  soil  reveal  a  wide  dispersal  of  values.  Figures  21  and  22  below  offer 
two  exanqiles.  These  are  rqiresaitative  of  the  resulting  distributions  for  all  omtaminants  of 
concern.  Note  the  wide  range  of  values  from  near  zero  percent  recovery  to  over  400  percait 
recovery  of  a  given  coitaminant  in  soil  san:q)les.  The  bias  of  the  data  in  eadi  set  is  clearly  cxi  the 
high  side,  as  seen  by  the  mean  percent  recovery  values  of  well  over  1 00%  and  the  high  positive  t- 
values  (Table  23). 
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Hstocram:  %  I^wry  TCE  in  Soil 


Fig.  22.  Distributicn  of  %R  Values  for  TCE  in  Soil 


All  of  the  contaminant  data  &iled  the  t-test  for  accuracy  due  to  the  wide  distributicms 

and  hi^  biased  nature.  Even  though  the  data  results  in  a  consistently  high  bias  on  the  contaminant 
recovery,  a  review  of  the  data  in  coirq}arison  to  CLP  data  results  (see  Appendix  G)  shows  that  diis 
apphed  only  to  those  samples  actually  containing  contamination  and  there  were  very  few  false 
readings  of  contaminant  whoi  it  was  not  present.  These  high  false  positive  errors  rq)resait  a 
conservative  measurement  medianism  but  it's  important  to  recognize  that  these  inaccurately  high 
readings  can  lead  to  unnecessary  costs  in  remediation  of  a  CERCLA  site  by  over-reacting. 
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TABLE  23 

t-TEST  RESULTS  FOR  %  RECOVERY  IN  SOIL  SAMPLES 
Contaminant 
Benzene 
Toluene 
Ethylbenzaie 
Xylene 
Chloroform 
1 , 1 , 1 -Tridiloroethane 
Carbcm  Tetrachloride 
Trichloroethene 
T^iachloroethene 

There  were  obviously  some  difficulties  in  analyzing  the  soil  sanples  and  getting  an 
accurate  reading  of  the  true  concentration  of  contaminaticn  presoit.  Some  of  the  effects  were 
likely  due  to  matrix  interferences  wdiich  is  a  common  occurrence  wdien  trying  to  remove  and 
measure  organics  from  a  matrix  such  as  soil  with  its  extreme  inhomogeneities.  The  consistently 
high  bias  on  the  data  s^  overall  leads  one  to  believe  that  the  sample  handling, 
measuremoit  or  lab  qjeratitxis  had  some  strcxig  influmce  on  the  results.  To  test  this  idea,  the  data 
for  soils  percent  recoveries  was  compiled  and  sorted  according  to  dates  <xi  which  the  samples  were 
analyzed.  This  presentation,  as  seal  for  baizaie  and  toluaie  below  in  Figures  23  and  24,  reveals 
some  interesting  trends  in  the  results.  The  two  contaminants  presented  below  are  representative  of 
the  trends  seen  with  all  caitaminants  observed.  There  are  clear  trends  in  the  bias  of  the  data  with 
progression  throu^  the  project.  At  the  outset  of  the  investigation  and  utilization  of  the  on-site  lab 
the  percent  recovery  results  were  consistently  extremely  low;  near  0%  recovery.  As  the  project 
progressed,  the  recoveries  increased  to  a  point  where  they  remain  consistent  just  below  the  lower 
standard  (66%  for  baizene  and  59%  for  toluaie)  prior  to  increasing  dramatically  to  ccxisistent 
readings  well  above  the  upper  standard  of  142%  and  139%  respectively.  The  recoveries  remain 
with  a  high  bias  for  a  majority  of  the  investigatiai  until  a  point  near  the  aid  of  the  project  where 


Mean  %  Recovery  t-Value  t-Critical  Pass/Fail 
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%  Recovery  Benzene  in  Soil 


Fig.  23.  ChrCTiological  Presentation  of  %R  Values  for  Benzene  in  Soil 


the  recoveries  began  to  troid  (xmsistaitly  within  the  standard  range  of  percent  recoveries.  A 
logical  explanation  of  this  change  in  trends  during  the  duraticxi  of  the  project  could  be  the  use  of 
different  personnel  in  the  operaticm  of  the  on-site  lab  equipmait,  impressing  their  own  biases  on 
how  the  samples  are  run  and  the  raw  data  analyzed  and  presented.  Since  similar  recovery  biases 
were  not  observed  with  the  water  analyses,  the  traids  in  the  soils  are  likely  due  to  sanq^le 


extraction  procedures  used  with  the  soil  matrices. 
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Even  thou^  the  overall  accuracy  analysis  of  the  soil  results  for  the  volatile  organics 
indicates  a  con^lete  breakdown  in  the  quality  of  the  data,  the  trend  analysis  indicatc^s  Uxat  there 
were  likely  probler  s  within  the  operatioi  of  the  lab  that  were  corrected  over  time  and  that  the  use 
of  field  analytical  techniques  may  in  fact  be  feasible  for  generating  highly  accurate  and  usable  soils 
analysis.  Despite  the  appearance  of  an  unacceptable  data  set  in  this  case,  field  goierated  data  still 
has  potential  for  use. 

Comparison  of  Field  vs.  CLP  Generated  Data 

A  direct  comparison  of  data  from  the  on-site  lab  to  that  from  off-site  CLP  analyses  was 
initially  attenqjted  but  proved  to  be  nearly  impossible.  The  difficulties  in  sudi  a  comparison  stem 
fi^cnn  tite  lack  of  true  ^lit  san^les;  one  going  to  the  on-site  lab  and  the  other  being  shipped  off-site 
for  CLP  analysis.  Attenqits  were  made  to  match  up  soil  samples  takai  from  the  same  dqjth 
intervals  and  the  same  boring  for  such  a  comparisrai  and  water  samples  taken  during  drilling  from 
a  specified  dqjth  interval  to  later  well  samples  from  an  equivalent  screen  depth,  i^jpendix  G 
contains  the  results  of  this  comparison  for  water  and  Appendix  H  contains  those  for  soil.  The 
match-ups  of  comparative  sanples  war.  somewhat  successful  as  we  see  a  fairly  coisistait 
confirmation  of  those  on-site  samples  showing  indications  of  a  given  contaminant  by  similar 
indications  in  the  CLP  sample. 

With  both  die  water  and  the  soil  data  comparisons  another  critical  problem  was  with 
differing  reportable  values  based  on  the  detection  limits  for  on-site  analysis  and  the  quantitation 
limits  for  off-site  analysis.  The  quairtitation  limits  for  the  off-site  CLP  lab  results  were 
consistently  much  hi^er  than  those  associated  with  the  on-site  lab  results,  thus  resulting  in  a  fairly 
consistent  discrepancy  in  repotted  values.  A  conparison  of  detection  limits  for  the  on-site  lab  to 
die  quairtitation  limits  for  the  off-site  lab  was  drown  in  Table  18.  This  made  it  impossible  to 
evaluate  the  discrepancies  in  the  data  due  to  the  fairly  consistent  difference  in  reporting  quantities 
When  contaminants  were  detected  in  each  comparable  sample  the  n-site  samples  were  typically 
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biased  high  as  conq)ared  to  the  o£P-site  analyses.  This  more  conservative  result  from  the  field  lab 
combined  with  the  fiict  that  the  on-site  lab  was  better  able  to  detect  any  level  of  contamination 
oifisrces  the  claim  for  its  use  as  a  viable  qrtiai  for  goierating  usable  data. 
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V.  POTENTIAL  COST  IMPLICATIONS  OF  RELIANCE  ON  HELD  GENERATED 

DATA 


As  stated  earlier,  an  increased  use  and  reliance  field  goierated  data  can  result  in 
significant  savings  in  a  CERCLA  investigation.  There  may  have  to  be  some  level  of  sacrifice  of 
overall  data  quality,  but  as  was  seoi  in  the  preceding  sections  of  this  study,  the  sacrifices  may 
actually  be  very  minimal.  Therefore,  to  realize  the  q^timal  cost  savings  associated  with  use  of  field 
analytical  data  <me  must  establish  a  level  of  trust  in  the  data  to  eliminate  great  numbers  of  sanq>ies 
salt  ofif-site  for  more  stringent  analysis. 

The  cost  savings  would  increase  significantly  with  an  increasing  size  of  the  environmoital 
investigatioi  utilizing  hypothetical  cost  growth  curves  seen  in  Figure  25.  These  curves  are  based 
on  a  consistent  cost  per  sample  fisr  CLP  analysis  and  on-site  analysis  as  listed  in  Table  4.  There 
was  an  adjustment  to  the  cost  per  sample  for  on-site  analysis  to  $144/sani{)ie  to  remove  capital 
costs  for  <n-site  lab  equipmoit,  trailer,  etc.  The  total  on-site  analysis  cost  figures  as  presented  in 
Figure  26  also  includes  a  capital  cost  for  establishing  an  cm-site  lab  with  the  appropriate  organic 
analysis  equipment  (e.g.,  gas  diromatqgraph)  and  supplies  .  The  capital  cost  used  is  $19,000  and 
is  based  on  figures  from  WPAFB  Operable  Unit  5  equipmoit  costs  for  the  on-site  lab.  The  cost 
per  sample  includes  costs  for  manpower  and  supplies. 

The  curves  in  Figure  25  represent  the  total  analytical  cost  based  (» the  number  of  samples 
for  100%  reliance  on  ofT-site  CLP  analyses,  for  100%  reliance  on  on-site  field  lab  generated 
analyses,  and  for  an  optimal  mix  of  field  generated  data  with  10%  CLP  verification  analyses. 

These  figures  are  based  on  constant  cost  per  sanqile  and  may  vary  from  lab  to  lab  or  from  project 
site  to  project  site.  Some  economies  of  scale  may  be  realized  with  increasing  number  of  samples. 

Figure  25  offers  a  graphic  presentation  of  the  potential  cost  savings  realized  with  an 
increased  reliance  on  field  goierated  data.  With  the  capital  cost  of  establishing  a  field  lab,  with  all 
appropriate  equipmoit  (GC),  one  can  see  diat  for  smaller  projects  (projects  requiring  less  than 
approximately  80  sample  analyses)  it  would  be  more  cost  effeaive  to  send  all  samples  off-site  for 
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detailed  CLP  analysis.  With  increasing  project  size,  the  potential  savings  increase  tremendously. 
Since  many  remedial  investigations  at  CERCLAARP  sites  result  in  mudi  more  than  S00+  san^les, 
we  can  see  diat  the  cost  savings  would  easily  be  well  over  $100,000  per  project. 
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_ Fig.  25,  Cost  Growth  Curves  for  CLP  vs.  On-site  Analyses _ | 

It's  inqwrtant  to  recognize  diat  the  cost  figures  presarted  in  Figure  25  are  for  VOC 
analysis  alone.  With  the  expansion  of  an  on-site  field  lab  to  allow  for  additional  analyses  the  cost 
savings  could  be  mudi  greater.  The  remedial  investigation  at  WPAFB  offers  a  prime  example. 
There,  the  total  cost  of  the  project  to  date  (there  remain  only  some  ongoing  administrative 
fimctions)  is  $14.5  Million.  Of  this,  approximately  $4.3  Million  has  been  spent  cm  CLP  analytical 
services,  including  data  validation  (Helms,  1994).  If  10%  of  the  samples  were  analyzed  via  CLP 
procedures  and  the  renaming  on-site,  the  analytical  costs  for  this  project  could  be  reduced  to 
approximately  $1.9  Million;  a  potential  savings  of  ^roximately  $2.4  Million. 

The  potential  exists  for  additional  co^  savings  in  the  elimination  of  sampling 
remobilization  costs  possibly  incurred  if  samples  were  collected,  shipped  ofP-site  for  a  lengthy 
anal3'ses,  and  results  indicate  additional  sampling  or  re-sampling  is  necessary.  Furthermore,  widi 
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an  increased  reliance  (»  field  lab  data  there  could  likely  be  a  need  for  a  reduced  number  of 
permanent  sampling  locations  such  as  ground  water  mcmitoring  wells  (Taylor,  1994:23). 

One  additicHial  (xmsideration  not  foctored  into  the  above  potoitial  cost  saving  calculations 
is  that  associated  with  project  schedule  reduction.  If  there  is  a  reliance  cm  field  generated  data  for 
making  all  field  decisiois  regarding  follow-on  sample  locaticms  and  the  needs  for  additicmal 
samples,  a  significant  reduction  in  the  project  schedule  could  be  realized.  These  schedule 
reducticms  would  be  die  result  of  the  field  team  having  the  ability  to  maintain  a  single  sampling 
program  and  avoiding  demobilization  vdiile  awaiting  results  and  remobilization  cmce  results  are 
received  and  reviewed.  This  reducticm  in  project  scdiedule,  as  much  as  10-12  mcmths,  would 
eliminate  excessive  cxmtract  overhead  costs  associated  with  maintaining  idle  sampling/analysis 
personel  while  awaiting  results  from  previous  sampling  efforts. 
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VI.  CONCLUSIONS  AND  RECOMMENDATIONS 


Overview 

The  primary  purpose  of  this  study  was  to  show  dre  overall  quality  of  environmental 
analytical  data  is  a  function  of  basic  QA/QC  and  if  general  standards  for  this  QA/QC  (based  on 
data  useabilhy  criteria)  are  met  the  data  is  sufficient  for  use  in  risk  assessmoit  calculaticms.  This 
should  hold  true  for  data  goierated  via  many  different  techniques,  eqiecially  the  more  economical 
field  lab  analyses. 

The  irr^rtance  of  use  of  field  analytical  techniques  is  getting  greater  recognition  in 
industry  and  government.  At  least  one  state  (South  Carolina)  has  b^un  die  developn^nt  and 
establishment  of  regulations  to  require  the  use  of  field  screening  tools  in  underground  storage  tank 
site  assessment  (Taylor,  1994.20).  Also  in  the  underground  storage  tank  program  at  U.S.  EPA, 
there  exists  a  recendy  funded  research  initiative  to  study  and  develc^  field  analytical  techniques  in 
h(^  of  improving  die  site  characterization  process  (Taylor,  1994:18). 

As  a  pressed  method  for  assessing  the  quality  of  an  on-site  goieiated  data  base,  a  set  of 
evaluaticn  cniteria  was  established  based  cm  the  data  quality  measiuing  tools  touted  in  EPA 
guidance  dexumentation  and  practical  statistical  techniques.  This  led  to  an  extoisive  review  of 
EPA  guidance  and  regulations  for  any  existing  standards  of  measure  and  data  cpiality  assessment 
tools. 

The  set  of  data  quality  assessment  standards  was  established  with  the  intent  that  they  be 
stringent  enough  to  be  applicable  to  the  most  demandmg  data  requirement;  the  baseline  risk 
assessment.  The  standards  were  then  tested  on  data  sets  of  both  CLP  generatiem  and  field  lab 
generaticxi  to  evaluate  their  applicability.  The  summary  of  results  and  conclusicms  drawn  based  on 
these  tests  follows. 


77 


Conclusions 

An  overall  assessmoit  of  the  standards  as  established  in  this  document  and  their 
applicaticm  to  the  data  bases  herein  indicates  that  the  standards  offer  a  very  stringent  and 
conservative  tool  for  determining  the  useability  of  ^vircxunental  analytical  data  on  such  data  uses 
as  risk  assessment.  This  conclusion  is  drawn  based  on  the  difficulty  for  the  data  bases  to  pass  the 
appropriate  standards,  most  importantly,  the  difficulty  as  se«i  with  the  CLP  data.  The  CLP 
protocol  rqrresents  data  that  has  been  thoroughly  reviewed  and  validated  by  lengthy  and  detailed 
procedures  and  found  acceptable  by  analytical  and  chemical  professionals  in  the  contract  and 
regulatory  arenas.  Therefore,  any  data  successfully  passing  the  tests  of  quality  established  herein 
can  be  labeled  as  data  of  very  high  quality  with  wide  spread  applications. 

The  data  quality  assessmeirt  procedures  used  in  this  study  do  not  alleviate  the  requirement 
for  the  generatiai  of  sufficient  QA/QC  as  part  of  the  environmental  data  collectira  process.  If 
anything,  the  results  discussed  here  strengthen  the  importance  of  the  collection  of  matrix  spike  and 
duplicate  analyses  for  the  generation  of  adequate  relative  percent  difference  and  percent  recovery 
values.  In  association  with  the  analyses  of  matrix  spike  sanqrles  it  is  imperative  that  there  be 
accurate  measurements  of  amounts  of  contaminants  within  a  sample  spike.  Although  there  can  be 
an  eliminatioi  of  trip  blanks  with  the  use  of  field  labs  there  still  needs  to  be  some  level  of  field  and 
rinseate  blanks  to  monitor  for  unint«rti<Hially  induced  contaminaticm.  One  possibility  of  further 
enhancing  the  measure  of  lab  performance  is  through  the  use  of  performance  evaluation  samples  in 
place  of  or  in  addition  to  matrix  spike  samples. 

The  performance  of  the  CLP  data  base  obtained  from  Wright-Patterson  AFB  Operable 
Unit  1  as  measured  against  the  established  standards  was  not  as  expected.  On  the  basis  of  the 
results,  the  data  base  would  not  be  recommended  for  use  in  risk  assessment  calculations.  The  first 
recognized  weakness  in  the  assessment  process  is  with  the  Data  Sources  evaluation  which  points 
out  that  the  CLP  data  base  has  no  confirmatory  analyses  conducted  by  an  indqjendent  lab  as 
would  be  done  in  the  use  of  a  field  lab  with  its  10%  minimum  CLP  verification  analyses.  There 
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would  be  a  complete  dq)aidaice  oa  the  CLP  data  set  alone  and  any  consistoit  deviati<»  in  the 
process  used  could  go  undetected. 

Although  the  analytical  methods  used  in  the  CLP  data  set  easily  meet  the  standards,  due  to 
(xnsistent  and  detailed  SOP's  as  specified  in  the  CLP  statement-of-work,  diere  was  a  feiluie  to 
meet  the  minimum  standards  for  some  compound  detectitm  limits.  The  CLP  analyses  did  not 
adtieve  the  specified  detection  limits  for  chloroform,  caiixm  tetrachloride  and  boizrae  in  water. 
This  failure  may  not  be  so  critical  vdien  it  is  recogpiaed  that  the  detection  limits  were  still  well 
below  the  risk  based  drinking  water  standards.  Therefore  the  methods  could  detect,  with 
reasmable  assurance,  any  level  of  contaminant  that  could  pose  a  health  risk. 

Widi  regard  to  the  tests  for  appropriate  precision  and  accuracy  the  CLP  data  fored  poorly. 
Both  benzene  and  toluene  fitiled  the  test  for  precision  in  water  and  xyloie  and  toluoie  failed  the 
precisim  test  in  soils.  On  the  basis  of  these  fiicts,  the  CLP  methodology  had  the  most  difficulty 
consistently  measuring  levels  of  toluene  in  the  oivironmental  sanqjles.  Unfortunately,  the  CLP 
QA/QC  protocol  for  accuracy  measurements  was  limited  to  only  three  volatile  organic 
COTtaminants  of  ccncem;  TCE,  toluene,  and  boizene.  All  three  contaminants  foiled  the  test  for 
accuracy  in  water  and  TCE  and  toluene  foiled  the  test  in  soils. 

On  the  basis  of  these  results,  the  data  set  of  CLP  analytical  results  should  not  be  suitable 
for  use  in  risk  assessment  calculatirms.  The  foct  is  that  die  US  and  state  EPAs  approved  of  this 
data  set  for  its  use  in  both  qualitative  and  quantitative  risk  assessmoits.  Since  these  are  the  same 
standards  we  propose  to  use  in  the  evaluation  of  cxi-stte  generated  data  quality  the  results  on  the 
CLP  data  suggest  the  need  for  less  stringent  standards.  This  could  be  done  on  the  precision  test  by 
using  more  relaxed  percoitile  requirements  on  the  RPD  assessm^  (e.g.,  80%).  Or  possibly  a 
greater  enq^sis  on  the  mean  RPD  value  of  the  sanqiles  and  its  relation  to  the  minimum  allowable 
RPD  standard  or  to  zero  percent  difference.  As  for  the  accuracy  test,  an  increase  in  the  confidence 
interval  (decrease  in  a  value)  for  die  sanqile  mean  being  from  same  populatim  as  1 00%  recovery. 
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The  test  of  the  standards  cm  the  cxi-site  geierated  data  base  from  Wright-Patters(xi  AF6 
Operable  Unit  2  were  much  b^ter  than  that  seoi  tiiie  CLP  data  with  one  significant  exc^ion. 
The  accuracy  of  measuremoits  on  soil  samples  was  a  total  failure  but  the  potoitial  cause  of  this 
&ilure  is  discussed  below  and  may  be  preventable  by  alteraticxis  in  the  soil  san^le  extraction 
procedures  or  simply  by  better  trained  lab  operators. 

The  (m-site  data  easily  met  the  requirement  for  a  minimum  of  10%  off-site  verification  due 
to  the  project  reliance  on  CLP  data  for  rislt  assessment  and  other  remedial  decisions.  On  the  basis 
of  the  theory  of  this  study,  this  is  an  area  in  most  CERCLA/IRP  projects  where  lessening  the 
dqpendoicy  oi  CLP  data  could  decrease  costs. 

The  methods  used  by  the  <m-site  lab  were  EPA  approved  methods  but  not  necessarily  for 
use  in  risk  assessment  data  generation.  The  direction  limits  achieved  by  the  on-site  lab  were 
exc^onal;  much  better  than  those  seen  in  the  CLP  analyses  and  than  those  required  by  the 
standards.  This  raises  the  questicm  of  whether  the  achieved  detecticn  limits  were  necessary  or  are 
they  too  low.  A  relaxation  of  the  detectiai  limits  closer  to  those  required  by  the  standards  may 
make  the  analyses  easier,  more  accurate,  and  result  in  less  costs. 

In  the  test  for  piecisicn,  the  on-site  analysis  foiled  to  meet  the  minimum  percentile  standard 
for  relative  percent  difference  for  ethylbenzene  (87.5%),  xylwe  (85%),  chloroform  (85%),  and 
1,1,1-TC  A  (87.5%).  With  the  soil  analyses  the  on-site  lab  foiled  for  ethylbenzene  (89%)  and 
xyloie  (88%).  The  levels  by  which  these  contaminants  foiled  the  precisirai  test  are  similar  to  those 
we  saw  for  the  CLP  data;  they  are  not  significantly  below  the  standard  as  established.  Also,  as 
seen  below  in  a  table  comparing  mean  RPD  values  for  given  contaminants  from  CLP  and  on-site 
analyses,  there  is  a  much  better  performance  in  the  cai-site  data  for  soil  analyses.  With  the 
excqrtion  of  TCE,  all  contaminarrts  displayed  a  higher  mean  RPD  in  the  soils  anal>’ses  conducted 
in  the  CLP  lab.  The  comparison  of  mean  RPD  values  in  the  water  analyses  is  much  more 
conparable.  Again,  as  mentioned  in  the  discussion  of  CLP  precision  results  above,  a  lower  RPD 
percentile  standard  requiring  only  80-85%  of  the  values  to  be  within  the  maximum  allowable  RPD 
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TABLE  24 

COMPARISON  OF  MEAN  RPD  IN  SOILS  ANALYSIS 

CLP  Soil 
Field  Dup 
Mean  RPD 
11.29 
24.98 
8.69 
24.88 
5.77 
5.43 
5.77 
6.05 
12.06 

would  have  resulted  in  all  the  contaminants  passing  the  standard  in  both  media.  In  summary,  the 
CHi-site  lab  displayed  the  best  precisicxi  in  its  analysis  of  the  halogoiated  hydrocaiixms  (chloroform, 
carbon  tetrachloride,  1,1,1-TCA,  TCE,  and  PCE)  where  the  monoaromatic  hydrocarbons  (xylene, 
benzatie,  toluoie,  and  ethylbenz^e)  were  not  as  strong.  Surprisingly  the  p.ecisicxi  was  not  as  good 
in  the  analysis  of  water  samples  as  it  was  for  the  soils.  This  would  not  be  expected  due  to  the  more 
homogoieous  nature  of  water  as  compared  to  the  strraigly  variable  nature  of  soil  sanples. 

The  accuracy  assessment  standards  as  established  proved  to  be  difficult  for  the  on-site  data 
to  pass,  as  was  true  for  the  CLP  data.  The  mean  percent  recovery  value  of  the  sample  data  and  the 
standard  deviation  play  key  roles  in  this  test.  Where  benzene  and  toluoie  analyses  in  water  at  the 
CLP  lab  &iled  the  test  for  accuracy  with  fairly  strong  mean  recoveries,  the  same  compounds  with 
similarly  accurate  mean  recoveries  in  the  on-site  results  passed  the  test  for  accuracy.  This  was  due 
to  higher  standard  deviaticxis  and  lower  sample  size  in  the  on-site  data  set. 

In  the  accuracy  assessment  of  the  cxi-site  analyses  of  water  the  monoaromatic 
hydrocarbons  appeared  to  be  the  strong  performers  vv^iere  the  halogenated  hydrocarbons,  with  the 
excqjtion  of  PCE,  all  lulled  the  test  for  accuracy.  This  could  possibly  be  a  result  of  chlorine  in 
these  confounds  binding  or  reacting  with  the  water  matrix.  Thus,  in  the  on-site  water  analyses. 


On-site  Soil 
Mean  RPD 


Boizene  6.67 


Toluraie  7.88 


7.51 


lene  7.59 


Chloroform  3.71 


1,1,1-TCA _ 4.77 


Carbon  Tet.  4.57 


TCE  6.64 


PCE  7.61 


CLP  Matrix 
Spike  Dup 
Mean  RPD 
8.3 
88 
NA 
NA 
NA 
NA 
NA 
7.0 
NA 


the  halogenated  hydrocartxns  showed  the  best  precisicxi  analyses  and  the  monoaromatic 
hydrocarbois  had  the  best  accuracy. 

With  the  assessment  of  accuracy  in  the  c»i-site  analyses  of  soils  there  were  some  definite 
problems.  The  <xi-site  analyses  failed  to  pass  the  t-test  for  accuracy  for  all  the  volatile 
contaminants  of  cmcem.  All  averaged  a  very  high  bias  in  the  measurements  of  known 
concentrations  but  as  seen  in  the  chronological  analysis  of  the  results  there  was  some  well  defined 
variability  in  the  measurements.  This  appears  to  be  a  resuh  of  the  extracticm  procediu-es  associated 
with  the  soil  sample  preparaticm  and/or  the  influence  of  the  individual  lab  operator(s). 

Recommendations 

The  purpose  of  this  study,  to  develq}  a  methodology  for  assuring  the  necessary  quality  of 
environmental  data  to  be  utilized  in  assessing  oi-site  lab  performance,  ronains  one  of  great 
inqmrtance  to  the  environmental  restoration  industry.  This  study  has  taken  a  large  step  toward  that 
development  but  has  also  left  much  room  for  additional  study  and  refinement.  Following  are  some 
of  those  opportunities. 

This  study  ^iplied  the  data  quality  criteria  to  only  one  data  set  from  a  single  remedial 
investigation  project.  Therefore  the  testing  was  limited  in  scope.  The  parameters  established 
herein  could  benefit  from  the  additional  application  to  other  data  sets  developed  from  other  on-site 
laboratories  (and  even  oftier  CLP  lab  data  sets).  The  on-site  data  set  used  in  this  study  came  from 
the  initial  attempt  at  Wright-Patterson  AFB  to  utilize  an  on-site  lab  for  limited  field  decision 
purposes.  There  are  currently  four  additional  projects  ongoing  at  WPAFB  in  vdiich  similar  on-site 
lab  set-iq)s  are  being  used,  thus  generating  additional  data  sets  to  soon  be  available  for  similar 
analysis  as  was  acconplished  in  this  study. 

This  study  did  not  explicitly  review  the  details  of  the  actual  methodologies  used  in  the  two 
lab  situations  evaluated;  the  CLP  lab  protocol  and  the  on-site  field  lab.  The  similarities,  strengths, 
weaknesses,  and  overall  benefits  of  each  (and  any  other  potential  analytical  source)  could  be 
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further  studied  with  the  intended  resuh  being  the  develq>mait  of  cental  procedures  and  equipment 
for  use  in  the  econonucal  and  accurate  generaticm  of  oivircaunental  data  in  the  field. 

This  study  alluded  to  the  potential  for  lessening  foe  standards  for  foe  qualification  of 
accqjtable  data  for  risk  assessment  use.  The  study  concentrated  on  foe  EPA  recommoided 
guidelines  for  foe  establishment  of  foe  standards  and  found  that  not  even  foe  commoily  accqjted 
and  approved  CLP  data  could  fully  meet  these  standards.  Follow-on  studies  could  pursue  this 
possibility  concoitrating  oa  typical  performance  of  CLP  analyses  based  cm  foe  measuremoit 
devices  set-up  in  this  study  to  establish  criteria  and  standards  based  (m  foe  minimal  CLP 
performance.  These  standards  could  fooi  again  be  applied  to  cm-site  generated  data  bases  in  a 
similar  maimer  accomplished  herein. 

The  requirements  for  quality  in  data  to  be  utilized  in  foe  risk  assessment  process  are  likely 
foe  most  stringent  due  to  foe  potential  implicatiims  of  foe  risk  calculations  and  foe  importance  of 
their  accuracy.  There  is  an  opportunity  for  foe  de\«lopment  of  variable  standards  based  on  foe 
ultimate  intended  use  of  foe  data  in  foe  CERCLA  process.  There  may  be  qjpoitunities  for  foe 
generation  of  data  at  a  lesser  cost,  resulting  in  shghtly  less  stringait  quality  standards,  for  foe  use 
in  other  than  risk  assessment  such  as  plume  chasing/delineaticm,  remedial  acbcm  monitoring  or 
preliminary  site  evaluations/prqierty  assessmoits. 

The  variable  impacts  of  differing  standards  for  data  quality  as  they  effect  risk  calculaticms 
can  also  be  studied.  A  significant  reduction  or  ti^taiing  of  data  quality  standards  may  result  in 
only  minor  impacts  on  risk  values  and  therefore  may  not  be  worthy  of  foe  additicmal  cost,  effort 
and  time  necessary  to  generate  sudi  ti^t  data. 

This  study  was  also  limited  to  only  volatile  organic  con^unds.  There  are  also  many 
CERCLA/IRP  sites  that  contain  several  other  types  of  contaminants  or  combinations  of 
contaminants.  Thus,  there  exist  an  opportunity  for  foe  expansion  of  foe  criteria  estabUshed  herein 
for  foe  application  to  other  contaminant  groups  sudi  as  semi-volatile  organics,  metals,  or 
pesticides/PCBs. 
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FIELD  ANALYTICAL  DUPLICATE  RESULTS  FOR  BENZENE  IN  WATER 


(Results  in  micrograms  per  liter) 


RPD  =  Relative  Percent  Difference 
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FIELD  ANALYTICAL  DUPLICATE  RESULTS  FOR  TOLUENE  IN  WATER 


(Results  in  micrograms  per  liter) 
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FIELD  ANALYTICAL  DUPLICATE  RESULTS  FOR  ETHYLBENZENE  IN  WATER 


(Results  in  micrograms  per  liter) 


RPD  =  Relative  Percent  Difference 
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FIELD  ANALYTICAL  DUPLICATE  RESULTS  FOR  0-XYLENE  IN  WATER 


(Results  in  micrograms  per  liter) 


RPD  =  Relative  Percent  Difference 
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FIELD  ANALYTICAL  DUPLICATE  RESULTS  FOR  CHLOROFORM  IN  WATER 


(Results  in  micrograms  per  liter) 


RPD  =  Relative  Percent  Difference 
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FIELD  ANALYTICAL  DUPLICATE  RESULTS  FOR  1.1.1-TCA  IN  WATER 


(Results  in  micrograms  per  liter) 


RPD  =  Relative  Percent  Difference 


Matrix 

Duplicate 

j 

Spike 

i 

i  Cone. 

!  C0D£^ 

1 

RPD 

MW01-1S 


MW02-1D 


AFTDEV 

1 

0.97 

j  i 

0.92 

5.29 

MW10-1D 

36-40 

MW25-1D 

40-42 

MW25-1D 


PZ14 


MW26-1I 


MW16-1D 


MW21-1D 


MW21-1D 


MW27-2D 


MW27-2D 


MW17-1D 


MW17-2D 


MW27-3I 


MW05-3D 


MW05-3D  ; 


MW19-1D 


8  I 


MW33-1D  1 


MW33-1D 


MW34-1D 


MW35-1D 


14-553-M  I 


MW28-4I 


65-67 


11-13 


3 


138-40 


18-20 


30-32 


19-21 


9-10.5 


68-70 


12-14 


28-30 


35-37 


53-55 


13-15 


31-33 


111-13 


8 


MW23-2S 

i 

8.25-12.95 

MW22-3S 

!  1 

6.6-16.5 

MW26-2I 

1 

! - 1 

36.5-41.3 

MW36-1D 

1 - 

MW36-1D 

SB66 


28-33 


23-25 


70-72 


23-25 


0.2 

7.8" 

3.2 


0.21 


0.2! 


0.31  ! 


0.2 


0.981 


8.8 


0.00 
5.00 
29. 


0.00 


10.17 


1 

0.2 

1  0.00 

1 

8.4 

j 

3.6 

4 

T  0.2 

0.0 

0 

19.82 


1.29 


0.00 


0.2 

!  0.2 

I 

i  0.00 

MW38-1I 

1 

23-25 

MW39-1D 

23-25 

MW39-1D 

103-105 

1  * 

16.47 


90 


FIELD  ANALYTICAL  DUPLICATE  RESULTS  FOR  CARBON  TETRACHLORIDE  IN  WATER 


(Results  in  tnicrograms  per  liter) 


RPD  =  Relative  Percent  Difference 
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FIELD  ANALYTICAL  DUPLICATE  RESULTS  FOR  TCE  IN  WATER 


(Results  in  micrograms  per  liter) 


RPD  =  Relative  Percent  Difference 
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FIELD  ANALYTICAL  DUPLICATE  RESULTS  FOR  PCE  IN  WATER 


(Results  in  micrograms  per  liter) 


RPD  =  Relative  Percent  Difference 
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APPENDIX  B 

Data  Sheets  for  Relative  Percent  Difference  Calculations— Soil 
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FEILD  ANALYTICAL  DUPLICATE  RESULTS  FOR  BENZENE  IN  SOILS 


(Results  in  micrograms  per  kilogram) 


RPD  =  Relative  Percent  Difference 
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FEILD  ANALYTICAL  DUPLICATE  RESULTS  FOR  TOLUENE  IN  SOILS 


(Results  in  micrograms  per  kilogram) 


RPD  =  Relative  Percent  Difference 
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FEILD  ANALYTICAL  DUPLICATE  RESULTS  FOR  ETHYLBENZENE  IN  SOILS 


(Results  in  micrograms  per  kilogram) 


RPD  =  Relative  Percent  Difference 
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FEILD  ANALYTICAL  DUPLICATE  RESULTS  FOR  XYLENE  IN  SOILS 


(Results  in  micrograms  per  kilogram) 


RPD  =  Relative  Percent  Difference 


Matrix 

- 1 

- 1 

Duplicate 

2 


135 


175.5-178 


201-201.51 


_ 5 

Oi 


129-130 


15 


48 


62-63 


!  160-160.5 


160-160.5 


MW28-1B 

19.5-20 

MW28-1B 

247.5-248 

MW28-1B 

i 

81-81.5 

Cone. 

Cone. 

RPD 

4.8 

5.3 

9.90 

1 

1 

0.00 

78.6 

_ ZMj _ 

0.00 

MW17-2D 

— 

9-10 

— 

MW17-2D 

30 

MW17-2D 

97-98 

* 

MW19-1D 

MW19-1D 

10 

MW19-1D 

* 

MW19-1D 

25 

MW21-1D 

0 

MW25-2I 

1 - 

35-371 

* 

MW26-2I 

!  39 

MW26-2I 

39  { 

« 

MW27-1 B 

206-207 

i 

MW27-1 B 

42-43 

1 - 1 

MW27-3I 

46 

0.00 


9.64 


10.00 

0.00 


0.00 


15.73 


28.57 


0.00 


2.90 


9.16 


0.52 


0.00 


26.67 


4.35 


92 

1 

:  65j 

1 

i 

34.39 

210 

330 1 

44.44 

56.4 

_ ^ 

;  1  j 

1 

0.00 

25.7 

!  1 
1  1 

32.5 

i  1 

1  23.37 

- n 

1 - 1 

! - i1 

— 

!  0.00 

1 

i _ L 

!  0.00 

0.00 


32.14 


1 : 

_ L 

— 

_ 

0.00 

1  i 

11 

0.00 

110 


MW36-1D 

25 

MW36-2I 

t  53 

■» 

MW37-1D 

1 

35 

i 

MW38-1I 

1 

MW38-1 1 

1 

43 

j 

i 

MW39-1D 

10 

i 

1 

SB12 


SB14 


SB16 


SB19 


SB21 


SB34 


SB34 

SB35 

SB35 


SB36 

SB36 


SB37 


SB37 

SB38 


SB38 


196 

163 

1 _ ; _ : 

PZ14 

10 

1 

- - 

..  1.1  ' 

o.ool 

PZ15 

_ 10 

_ 

_ 

1 

^1 

0.00 

SB03 

0 

SB03 

15 

* 

SB05 

5 

SB06 

10 

1 

SB09 

10 

SB10 

5 

SB11 

_ 5^ _ 

SB38 

1  ! 

34 

1 

0.00 


20.69 


37.84 


26.87 

55.42 

34.15 


SB24  j 

15; 

1 

i  i 

i 

1 

1 

0.00 

SB26 

13 

i _ 1 

1 

1 

1  i 

0.00 

SB28  1 

1 

0.5 

1 

"  '  "I 

1 

1 

..  .1;  1 

0.00 

SB28 

1  ! 
!  1 

51 

* 

i  : 

88 

;  95, 

7.65 

SB33  ! 

1 

15 

;  :  105 

97 

t 

i  1 

7.92 

SB33 

35 

1 

1 

1 

i  1l 

1 

1  ! 

1 

0.00 

SB33  ] 

i  1 

48 

j  1 

' 

i 

TiT 

1 

:  i 

1  5.26 

' - 11 

1 - 1 

r  1 

1 

0.00 

i  1 

- - 1 

_ 

0.00 

1 

1 

r 

0.00 

132 

I 

132^ 

- -  - i  1 

0.00 

174 

;  i 

1  166 

4.71 

SB39 

10 

1i 

1 

0.00 

SB39 

20 

_ 

1i 

1 

0.00 

m 


112 


113 


114 


MW04-1S 


MW13-1I 


irMggn 


MW13-2B 


MW13-2B 


MW17-1D 


MW17-2D 


MW17-2D 


MW17-2D 


MW19-1D 


MW19-1D 


MW19-1D 


MW19-1D 


MW21-1D 


MW21-1D 


MW22-1D 


MW24-1D 


MW25'2I 


MW26-2I 


MW27-3I 


MW28'1  B 


MW28-1B 


MW28'1B 


MW28-1B 


MW28-1B 


MW28-1 D 


MW29-1D 


9-10 


3 


97-98 


31 


m 


MW26-2I 

39 

MW27-1B 

129-130 

MW27-1 B 

206-207 

MW27-1B 

42-43 

MW27-2D 

15 

MW27-2D 

48 

MW27-2D 

62-63 

160-160.5 


19.5-20 


81-81.5 


25 


i 

Duplicate  i 

i 

FEILD  ANALYTICAL  DUPLICATE  RESULTS  FOR  CHLOROFORM  IN  SOILS 
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2 


3/21/93  'SB72 
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FIELD  ANALYTICAL  MATRIX  SPIKE  RESULTS  FOR  1,1.1-TCA  IN  SOILS 


(Concentrations  in  micrograms  per  kilogram) 


7/29/92  IMW04-1S  I 


7/29/92  MW04-1S 


9/12/92  IMW13-2B 


9/13/92 

MW13-2B 

9/13/92 

MW13-2B 

9/14/92 

MW16-1D 

9/14/92 

MW16-1D 

9/28/92 

MW17-2D 

9/28/92 

MW17-2D 

MSD 


MS 


MSD 


S 


MSD 


MSD 

9/30/92 


9/30/92 


10/26/92 


lECTHSai 


9/23/92 

MW21-1D 

9/23/92 

MW21-1D 

9/25/92 

MW24-1D 

9/1/92 

MW25-2I 

9/1/92 

MW25-2I 

MS 

35-371 

9/24/92  MW27-1B 


9/24/92  IMW27-1B  I 


MW28-1B  ; 


9/15/92 


9/15/92 


9/16/92  MW28-1B 


9/15/92  MW28-1B 


10/27/92 


10/27/92  MW33-1D 


11/2/92 


11/2/92 


11/4/92 


11/4/92 


iCCEISEIi 

imam 


MSD 


MS 


MS 


MSD 


S 


MSD  I 


160-160.5 


0.5!  I 


12/17/92 

MW36-2I 

1/7/93 

MW39-1D 

1/7/93 

MW39-1D 

270.00 

223.33 


210.00 


194.67 


164.67 


130.00 


151 

22 

;  143.33 

isi 

32 

210.00 

15. 

1 

28 

183.33 

,i 

15 

6 

! - 

36.67 

15 

6.5 

: _ 1 

40.00 

■i 

15 

251 

163.33 

1 

!  15 

35 

1 

230.00 

!  15 

1  1 
!  1 

40 

!  j 

I  263.33 

mEii 


IE!2 


7/21/92  SB12 
11/19/92  SB28 


11/19/92  SB28 


11/8/92  ISB32 


11/8/92  SB32 


11/8/92 


11/8/92 


11/8/92 


11/7/92 

SB34 

S 

1  i 

46 

10/21/92 

SB36 

MS 

1  : 

1 10/21/92 

SB37  1 

MS  '  1 

SB37  1  1 

MSD  !  1 

HHI 

.6! 

:5^  ! 
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10/26/92 

SB38  ' 

MS  j 

SB38 


10/25/92  ISB38 


10/25/92  SB38 


10/23/92 

SB39 

MSD 

1 

10/22/92 

SB40  ; 

MS 

66 

10/22/92 

SB40  1 

MSD 

10/24/92 


10/24/92 


10/23/92 


10/23/92 


10/24/92 


10/24/92 


11/9/92 

SB45 

MS  ; 

;  1 

55 

1 

11/9/92 

SB45 

MSD 

i 

: - 1 

1 

[  ; 

11/10/92 


11/10/92 


11/11/92 


11/17/92 


11/17/92 


11/20/92 


11/20/92 


11/21/92 


11/21/92 


11/21/92 


11/21/92 


11/23/92  1 

SB56  1 

: _ ;  MS_  I 

85 

j _ j 

11/23/92 

SB56  1 

i 

MSD  1 

i 

1  : 

11/24/92 


11/30/92 


11/30/92 


12/1/92 

SB59  1 

MS 

95! 

12/1/92 

SB59 

MSD 

1 

1  i 

12/2/92 

SB60 

MS 

70 

i  i 

12/2/92 

SB60 

MSD 

- - 1 

1 

1 

12/3/92 


12/3/92 


12/4/92 


12/4/92 


12/6/92 


12/6/92 


12/9/92 

12/9/92 


12/21/92 


12/21/92 

SB66 

MSD 

1 

3/16/93 

S867 

1 

MS 

ii! 

3/18/93 


3/18/93 


3/19/93 


3/19/93 


3/20/93 


3/20/93 

3/21/93 


3/21/93 


3/21/93 

^21/93 


■  1  15 

35!  230.00 

1  15! 

30.4:  199.33 

15 

41  270.00 

i _ 

39.8  262.00 

15 

25.11  j  164.00 

15 

_ 

29.7  '  194.67 

15 

1 

45.2  298.00 

15 

1 

42.3  1  278.67 

5,  : 

29.71 

194.67 

5i  15, 

27.7 

181.33 

5|  '  15: 

26.6: 

173.33 

5.  15i 

25.4! 

166.00 

5! 

_ m _ : 

i 

;  316.67 

5 

1  15 

i  46.3 

i  305.33 

16' 

21.4| 

139.33 

1 

15 

20.4, 

I  132.67 

1 

15! 

19! 

123.33 

15 

19 

123.33 

151 

17 

110.00 

15 

1 

_ 

110  67 

15 

14.6 

94.00 
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FIELD  ANALYTICAL  MATRIX  SPIKE  RESULTS  FOR  CARBON  TETRACHLORIDE  IN  SOILS 


IConcentrations  in  miccDgrams  per  kilogratn) 


%B  =  Percent  recovery 


— 

- - — ' 

Unspiked 

Spiked 

— 

Dei 

ib 

— 

Me  as  Cor>c. 

7/29/92 


7/29/92  MW04-1S 


9/12/92  MW13-2B 


9/12/92  MW13-2B 


9/13/92  MW13-2B 


11/4/92 


12/15/92 


12/15/92 


12/17/92 


12/17/92 


MW35-1D  I 


MW36-1D  I 


MW36-10 


MW36-2I 


1MW36-21 


1/7/93 

iMW39-10 

MS 

125 

1/7/93 

iMW39-10 

MSD 

8/27/92 

PZ32 

MSD 

7/18/92 

SB03 

MS 

15 

7/18/92 

SB03 

MSD 

7/21/92 

|SB12 

MS 

15 

7/21/92 

SB12 

1  MSD 

11/19/92 


11/19/92 


11/8/92 


11/8/92 


11/8/92 


10/21/92  SB36 


10/21/92  ISB36 


10/21/92  ,SB37 

10/21/92  SB37 


0.00 

i  ; 

0.00 

io|  : 

17.4'  i 

169.00 

lOi 

15.9 

154.00 

io: 

19.8  ■ 

193.00 

1F“  'I' 

15.9; 

154.00 

169 


171 
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FIELD  ANALYTICAL  MATRIX  SPIKE  RESULTS  FOR  PCE  IN  SOILS 


(Concentrations  in  microorarns  per  kilogram! 


%R  =  Percent  recovery 


UnspIked  , 


9/12/92 


9/13/92 


9/13/92 


9/14/92 


9/14/92 


9/28/92 


9/28/92 


MW13-2B  I 


MW13-2B 


MW13-2B 


MW16-1D 


I  MSD 


MS 


MSO 


MS 


10 

1 

4.711  ! 

42.10 

5 

i 

i  10 

IClSESEII 


10/26/92  1 

MW19-1D 

MS  1 

1 

20 

! 

iimnmi 


MS 

S' 

9/1/92 

MW2S-2I 

i 

MS 

t 

36-37 

10 

20 

1 

195.00 

10 

1 

22 

215.00 

9/11/92 


9/24/92  MW27-1B  I  MS  129-130 


9/24/92  MW27-1B  1 


i  i 

I  10 

1 

1 

135.(X) 

1 - - 

!  I 

i  10 

18: 

1 

I 

176.00 

liESEMiciganaMi 


10/27/92  MW33-1D 


11/2/92  MW34-1D  I 


1 

MS 

i 

81-81.6 

ic^aiaii 


11/2/92 


11/4/92  MW36-1D 


11/4/92  MW36-10 


12/15/92  MW36-1D 


MS  ' 


I  MSD  I 


MS  1 


8/27/92 


8/27/92  PZ32 


7/18/92  SB03 

1 

1  MSD  1  1 

7/21/92  SB12 

MS  i 

15 

7/21/92  SB12 

1  1 

MSD 

1 

1  1 

!  i 

10  ] 

i 

10 

imEZISEi! 


28 


11/19/92  SB28 


11/8/92 

S833  1 

MSD 

!  ’ 

0.74!  1 

10  1  1 

1 1/8/92 

SB33  ! 

MS 

48i  1 

0.73!  I 

10  J 

10/21/92 


10/21/92  SB36 

1  MSD 

i 

10/21/92  SB37 

1 

'  !  1 

5 

1  ; 

10 

;  1 

t  27 

i  ; 

266.00 

1 

10 

10.1 

96.00 

i 

10 

1  j 

11.6 

110.00 

5 

1 

2.50 

J 

1 

2.30 

176.60 

1 

195.70 

I 

189.70 

lOj  1 

22.2 

217.00 

24.2 

P 

237.00 

0.561 

I  10  1 

14.61 

i 

i  139.40 
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ANALYTICAL  RESULTS  FOR  BENZENE  IN  GROUNDWATER 
(Results  are  in  microgratns  per  liter) 


On-Site  ID 

Depth 

(feet) 

Well 

Sample 

Value 

Off-Site  ID 
(Well  No.) 

Depth 

Screen 

Value 

Analytical 

Difference 

MW01  -2D 

77-79 

0.5 

MW01-2D 

78-83 

2 

-1.5 

MW02-1 D 

66-68 

0.5 

MW02-1 D 

68-78 

2 

-1.5 

MW04-1S 

13-15 

0.5 

MW04-1 S 

11.1-21.1 

2 

-1.5 

MW04-3I 

32-34 

0.5 

MW04-3I 

26.7-31.7 

2 

-1.5 

MW05-1 D 

25-27 

0.5 

MW05-1 D 

22-27 

2 

-1.5 

MW05-2S 

12-14 

0.85 

MW05-2S 

7.5-17.4 

2 

-1.15 

MW05-3D 

81-83 

0.5 

MW05-3D 

81 .2-85.9 

2 

-1.5 

MW07-1S 

8-10 

0.5 

MW07-1 S 

6.6-16.6 

2 

-1.5 

MW07-2D 

4345 

0.5 

MW07-2D 

44.7-49.7 

2 

-1.5 

MW07-3I 

25-27 

1.6 

MW07-3I 

22.35-27.2 

2 

-0.4 

MW09-1 D 

52-53 

0.5 

MW09-1 D 

50.3-55.2 

2 

-1.5 

MW09-2D 

161-1 63 

0.5 

MW09-2D 

163-168 

2 

-1.5 

MW09-3I 

73-75 

0.5 

MW09-3I 

70-75 

2 

-1.5 

MW10-1D 

52-56 

0.5 

MW10-2I 

51.5-56.5 

2 

-1.5 

MW10-1D 

1 30-1 32 

0.56 

MW10-1D 

130.5-135.5 

2 

-1 .44 

MW1 3-1 1 

37.8-47.8 

« 

0.5 

MW1 3-1 1 

37.8-47.8 

2 

-1.5 

MW16-1D 

33.2-37.9 

« 

0.5 

MW1 6-1 D 

33.2-37.9 

2 

-1.5 

MW1 7-1 D 

9-10.5 

1 

MW1 7-4S 

7-17 

2 

-1 

MW1 7-2D 

36-38 

0.5 

MW1 7-31 

33-38 

2 

-1.5 

MW1 7-2D 

98-100 

0.5 

MW1 7-2D 

95-99.9 

2 

-1.5 

MW19-1D 

13-15 

0.54 

MW19-2S 

10.7-20.6 

2 

-1.46 

MW1 9-1 D 

37-49.2 

0.5 

MW19-1D 

37-46.9 

2 

-1.5 

MW20-1 D 

10-12 

1900 

MW20-2S 

7.8-17.7 

75 

1825 

MW20-1 D 

30.8-35.8 

* 

0.5 

MW20-1 D 

30.8-35.5 

2 

-1.5 

MW21  -1 D 

10-12 

4800 

MW21-3S 

8.9-18.9 

77 

4723 

MW21  -2D 

30.2-34.9 

• 

0.5 

MW21-2D 

30.2-34.9 

2 

-1.5 

MW22-1 D 

57.9-62.9 

» 

0.5 

MW22-1 D 

57.9-62.9 

2 

-1.5 

MW22-2I 

42.7-47.6 

« 

0.5 

MW22-2I 

42.7-47.6 

2 

-1.5 

MW22-3S 

6.6-16.5 

« 

2.2 

MW22-3S 

6.6-16.5 

3 

-0.8 

MW23-1 D 

30.2-34.9 

« 

0.5 

MW23-1 D 

30.2-34.9 

2 

-1.5 

MW23-2S 

8.25-12.95 

« 

0.5 

MW23-2S 

8.25-12.95 

2 

-1.5 

MW24-1 D 

87-91 .7 

* 

0.5 

MW24-1 D 

87-91 .7 

2 

-1.5 

MW24-2S 

1 1 .9-21 .6 

* 

0.5 

MW24-2S 

1 1 .9-21 .6 

2 

-1.5 

MW25-1 D 

55-60 

« 

0.5 

MW25-1 D 

55-60 

2 

-1.5 

MW25-2I 

33-38 

« 

380 

MW25-2I 

33-38 

17 

363 

MW25-3S 

11-21 

« 

2.1 

MW25-3S 

11-21 

2 

0.1 

MW26-2I 

36.5-41 .3 

0.5 

MW26-2I 

36.5-41 .3 

2 

-1.5 

MW26-3S 

10-20 

« 

0.95 

MW26-3S 

10-20 

20 

-19.05 

MW27-2D 

19-21 

1.1 

MW27-4S 

17.2-26.9 

2 

-0.9 

MW27-2D 

94-96 

0.5 

MW27-2D 

93.3-98.2 

2 

-1.5 

MW28-2D 

72.7-77.4 

* 

0.5 

MW28-2D 

72.7-77.4 

2 

-1.5 

MW28-4I 

28-33 

« 

100 

MW28-4I 

28-30 

44 

56 

MW28-5S 

10-20 

» 

1600 

MW28-5S 

10-20 

120 

1480 

MW29-1 D 

28-32.8 

• 

1.1 

MW29-1 D 

28-32.8 

2 

-0.9 

MW29-2S 

10.5-20.4 

• 

3.2 

MW29-2S 

10.5-20.4 

2 

1.2 

MW30-1 1 

33-35 

0.5 

MW30-1 1 

30.2-34.9 

2 

-1.5 

MW31  -1 D 

94.3-98.95 

« 

0.5 

MW31  -1 D 

94.25-98.95 

2 

-1.5 

MW31  -21 

53.9-58.6 

* 

0.5 

MW31  -21 

53.9-58.6 

2 

-1.5 
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MW31-3S 

12.9-22.6 

• 

0.5 

MW31  -3S 

12.9-22.6 

2 

-1.5 

MW33-1D 

29.7-39.6 

0.5 

MW33-1 D 

29.7-39.6 

2 

-1.5 

MW33-2S 

10-19.9 

* 

0.5 

MW33-2S 

10-19.9 

2 

-1.5 

MW34-1 D 

11-13 

4.1 

MW34-2S 

8.5-18.4 

2 

2.1 

MW34-1 D 

35.75-45.6 

* 

0.5 

MW34-1 D 

35.75-45.65 

2 

-1.5 

MW35-1D 

35.8-45.7 

« 

0.5 

MW35-1 D 

35.8-45.7 

2 

-1.5 

MW35-2S 

23-27.9 

« 

0.5 

MW35-2S 

23-27.9 

2 

-1.5 

MW36-1 D 

12-15 

1 

MW36-3S 

7.7-17.6 

2 

-1 

MW37-1 D 

11-14 

0.82 

MW37-3S 

7.3-17.2 

2 

-1.18 

MW37-1 D 

53-55 

0.5 

MW37-2I 

44.8-54.75 

2 

-1.5 

MW39-1 D 

1 23-1 25 

0.5 

MW39-1 D 

119.6-129.5 

2 

-1.5 

PZ06 

13-16 

0.7 

PZ06 

1 1 .8-21 .8 

2 

-1.3 

PZ14 

11-13 

0.53 

PZ14 

7-17 

2 

-1 .47 

PZ15 

12.1-20 

0.5 

PZ15 

12.1-22 

2 

-1.5 

PZ32 

9.1-19 

* 

0.5 

PZ32 

9.1-19 

2 

-1.5 

04-51 7-M 

5-15 

* 

0.5 

04-51 7-M 

5-15 

2 

-1 .5 

14-552-M 

8.1-18.1 

» 

0.5 

14-552-M 

8.1-18.1 

2 

-1.5 

14-553-M 

8-18 

« 

0.5 

14-553-M 

8.3-18.3 

2 

-1.5 

14-554-M 

6-16 

• 

0.5 

14-554-M 

5.9-15.9 

2 

-1.5 

14-626-M 

65-75 

« 

0.5 

14-626-M 

65.2-75.2 

2 

-1.5 

583-M 

13-23 

» 

0.5 

583-M 

13-23 

2 

-1.5 

584-M 

15.8-25.8 

* 

0.5 

584-M 

15.8-25.8 

2 

-1.5 

GR-333 

25-35 

0.5 

GR-333 

25.1-35.1 

2 

-1.5 

GR-334 

150 

« 

0.5 

GR-334 

145-155 

2 

-1.5 
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ANALYTICAL  RESULTS  FOR  TOLUENE  IN  GROUNDWATER 
(Results  are  in  micrograms  per  liter) 


On-Site  ID 

Depth 

Well 

Value 

Off-Site  ID 

Depth 

Value 

Analytical 

(feet) 

Sample 

(Well  No.) 

Screen 

Difference 

MW01-2D 

77-79 

0.5 

MW01-2D 

78-83 

1 

-0.5 

MW02-1 D 

66-68 

0.5 

MW02-1 D 

68-78 

1 

-0.5 

MW04-1S 

13-15 

0.5 

MW04-1 S 

11.1-21.1 

1 

■0.5 

MW04-3I 

32-34 

0.5 

MW04-3I 

26.7-31.7 

1 

-0.5 

MW05-1 D 

25-27 

0.5 

MW05-1 D 

22-27 

1 

-0.5 

MW05-2S 

12-14 

2.4 

MW05-2S 

7.5-17.4 

1 

1.4 

MW05-3D 

81-83 

0.5 

MW05-3D 

81 .2-85.9 

1 

-0.5 

MW07-1S 

8-10 

0.5 

MW07-1 S 

6.6-16.6 

1 

0.5 

MW07-2D 

43-45 

0.87 

MW07-2D 

44.7-49.7 

1 

0.13 

MW07-3I 

25-27 

3.2 

MW07-3I 

22.35-27.2 

1 

2.2 

MW09-1 D 

52-53 

0.5 

MW09-1 D 

50.3-55.2 

1 

0.5 

MW09-2D 

161-1 63 

1.2 

MW09-2D 

163-168 

1 

0.2 

MW09-3I 

73-75 

0.58 

MW09-3I 

70-75 

1 

-0.42 

MW10-1D 

52-56 

0.5 

MW10-2I 

51.5-56.5 

1 

-0.5 

MW10-1D 

130-132 

1.8 

MW10-1D 

130.5-135.5 

1 

0.8 

MW13-1I 

37.8-47.8 

* 

0.5 

MW13-1I 

37.8-47.8 

1 

-0.5 

MW16-1D 

33.2-37.9 

» 

0.5 

MW16-1D 

33.2-37.9 

1 

■0.5 

MW1 7-1 D 

9-10.5 

1.5 

MW1 7-4S 

7-17 

1 

0.5 

MW17-2D 

36-38 

0.5 

MW1 7-31 

33-38 

1 

0.5 

MW17-2D 

98-100 

0.5 

MW17-2D 

95-99.9 

1 

-0.5 

MW19-1D 

13-15 

1.5 

MW19-2S 

10.7-20.6 

1 

0.5 

MW19-1D 

37-49.2 

0.5 

MW19-1D 

37-46.9 

1 

-0.5 

MW20-1 D 

10-12 

860 

MW20-2S 

7.8-17.7 

1 

859 

MW20-1D 

30.8-35.8 

* 

0.5 

MW20-1 D 

30.8-35.5 

1 

-0.5 

MW21-1D 

10-12 

3300 

MW21  -3S 

8.9-18.9 

54 

3246 

MW21-2D 

30.2-34.9 

* 

0.5 

MW21-2D 

30.2-34.9 

1 

-0.5 

MW22-1 D 

57.9-62.9 

* 

0.5 

MW22-1 D 

57.9-62.9 

1 

-0.5 

MW22-2I 

42.7-47.6 

« 

0.5 

MW22-2I 

42.7-47.6 

1 

-0.5 

MW22-3S 

6.6-16.5 

• 

0.5 

MW22-3S 

6.6-16.5 

1 

-0.5 

MW23-1 D 

30.2-34.9 

* 

0.5 

MW23-1 D 

30.2-34.9 

1 

-0.5 

MW23-2S 

8.25-12.95 

• 

25 

MW23-2S 

8.25-12.95 

1 

24 

MW24-1 D 

87-91 .7 

* 

0.5 

MW24-1 D 

87-91.7 

1 

-0.5 

MW24-2S 

1 1 .9-21 .6 

* 

0.5 

MW24-2S 

1 1 .9-21 .6 

1 

-0.5 

MW25-1 D 

55-60 

» 

0.5 

MW25-1 D 

55-60 

1 

-0.5 

MW25-2I 

33-38 

* 

10 

MW25-2I 

33-38 

2 

8 

MW25-3S 

11-21 

• 

1.5 

MW25-3S 

11-21 

1 

0.5 

MW26-2I 

36.5-41 .3 

• 

0.5 

MW26-2I 

36.5-41 .3 

1 

-0.5 

MW26-3S 

10-20 

ft 

27 

MW26-3S 

10-20 

10 

17 

MW27-2D 

19-21 

2.4 

MW27-4S 

17.2-26.9 

1 

1.4 

MW27-2D 

94-96 

0.5 

MW27-2D 

93.3-98.2 

1 

-0.5 

MW28-2D 

72.7-77.4 

ft 

0.5 

MW28-2D 

72.7-77.4 

1 

-0.5 

MW28-4I 

28-33 

ft 

0.5 

MW28-4I 

28-30 

1 

-0.5 

MW28-5S 

10-20 

ft 

13 

MW28-5S 

10-20 

1 

12 

MW29-1D 

28-32.8 

ft 

0.5 

MW29-1 D 

28-32.8 

1 

-0.5 

MW29-2S 

10.5-20.4 

ft 

16 

MW29-2S 

10.5-20.4 

1 

15 

MW30-1I 

33-35 

0.5 

MW30-1 1 

30.2-34.9 

1 

-0.5 

MW31  -1 D 

94.3-98.95 

ft 

0.5 

MW31  -1 D 

94.25-98.95 

1 

-0.5 

MW31-2I 

53.9-58.6 

ft 

0.5 

MW31-2I 

53.9-58.6 

1 

-0.5 
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MW31  -3S 

12.9-22.6 

« 

0.5 

MW31-3S 

12.9-22.6 

1 

-0.5 

MW33-1 D 

29.7-39.6 

* 

0.5 

MW33-1D 

29.7-39.6 

1 

-0.5 

MW33-2S 

10-19.9 

• 

0.5 

MW33-2S 

10-19.9 

1 

-0.5 

MW34-1 D 

11-13 

5.5 

MW34-2S 

8.5-18.4 

1 

4.5 

MW34-1 D 

35.75-45.6 

« 

0.5 

MW34-1 D 

35.75-45.65 

1 

-0.5 

MW35-1 D 

35.8-45.7 

» 

0.5 

MW35-1D 

35.8-45.7 

1 

-0.5 

MW35-2S 

23-27.9 

* 

0.5 

MW35-2S 

23-27.9 

1 

-0.5 

MW36-1 D 

12-15 

1.9 

MW36-3S 

7.7-17.6 

1 

0.9 

MW37-1 D 

11-14 

1.3 

MW37-3S 

7.3-17.2 

1 

0.3 

MW37-1 D 

53-55 

0.5 

MW37-2I 

44.8-54.75 

1 

-0.5 

MW39-1 D 

1 23-1 25 

0.5 

MW39-1 D 

119.6-129.5 

1 

-0.5 

PZ06 

13-16 

1.1 

PZ06 

1 1 .8-21 .8 

1 

0.1 

PZ14 

11-13 

0.5 

PZ14 

7-17 

1 

-0.5 

PZ15 

12.1-20 

0.5 

PZ15 

12.1-22 

1 

-0.5 

PZ32 

9.1-19 

* 

0.5 

PZ32 

9.1-19 

1 

-0.5 

04-51 7-M 

5-15 

« 

0.5 

04-51 7-M 

5-15 

1 

-0.5 

14-552-M 

8.1-18.1 

« 

0.5 

14-552-M 

8.1-18.1 

1 

-0.5 

14-553-M 

8-18 

• 

0.5 

14-553-M 

8.3-18.3 

1 

-0.5 

14-554-M 

6-16 

« 

0.5 

14-554-M 

5.9-15.9 

1 

-0.5 

14-626-M 

65-75 

« 

0.5 

14-626-M 

65.2-75.2 

1 

-0.5 

583-M 

13-23 

« 

0.5 

583-M 

13-23 

1 

-0.5 

584-M 

15.8-25.8 

* 

0.5 

584-M 

15.8-25.8 

1 

-0.5 

GR-333 

25-35 

« 

0.5 

GR-333 

25.1-35.1 

1 

-0.5 

GR-334 

150 

« 

0.5 

GR-334 

145-155 

1 

-0.5 

185 


ANALYTICAL  RESULTS  FOR  ETHYLBENZENE  IN  GROUNDWATER 
(Results  are  in  micrograms  per  liter) 


On-Site  ID 

Depth 

(feet) 

Well 

Sample 

Value 

Off-Site  ID 
(Well  No.) 

Depth 

Screen 

Value 

Analytical 

DiffererKe 

MW01  -2D 

77-79 

0.5 

MW01-2D 

78-83 

1 

-0.5 

MW02-1D 

66-68 

0.5 

MW02-1 D 

68-78 

1 

-0.5 

MW04-1S 

13-15 

0.5 

MW04-1S 

11.1-21.1 

1 

-0.5 

MW04-3I 

32-34 

0.5 

MW04-3I 

26.7-31.7 

1 

-0.5 

MW05-1 D 

25-27 

0.5 

MW05-1 D 

22-27 

1 

-0.5 

MW05-2S 

12-14 

0.5 

MW05-2S 

7.5-17.4 

1 

-0.5 

MW05-3D 

81-83 

0.5 

MW05-3D 

81 .2-85.9 

1 

-0.5 

MW07-1S 

8-10 

0.5 

MW07-1 S 

6.6-16.6 

1 

-0.5 

MW07-2D 

43-45 

0.5 

MW07-2D 

44.749.7 

1 

-0.5 

MW07-3I 

25-27 

0.5 

MW07-3I 

22.35-27.2 

1 

-0.5 

MW09-1 D 

52-53 

0.5 

MW09-1 D 

50.3-55.2 

1 

-0.5 

MW09-2D 

161-163 

0.5 

MW09-2D 

163-168 

1 

-0.5 

MW09-3I 

73-75 

0.5 

MW09-3I 

70-75 

1 

-0.5 

MW10-1D 

52-56 

0.5 

MW10-2I 

51.5-56.5 

1 

-0.5 

MW10-1D 

130-132 

0.5 

MW10-1D 

130.5-135.5 

1 

-0.5 

MW13-1I 

37.8wt7.8 

« 

0.5 

MW1 3-1 1 

37.847.8 

1 

-0.5 

MW16-1D 

33.2-37.9 

» 

0.5 

MW16-1D 

33.2-37.9 

1 

-0.5 

MW1 7-1 D 

9-10.5 

0.66 

MW1 7-4S 

7-17 

1 

-0.34 

MW1 7-2D 

36-38 

0.5 

MW1 7-31 

33-38 

1 

-0.5 

MW1 7-2D 

98-100 

0.5 

MW1 7-2D 

95-99.9 

1 

-0.5 

MW19-1D 

13-15 

0.5 

MW19-2S 

10.7-20.6 

1 

0.5 

MW19-1D 

37-49.2 

0.5 

MW19-1D 

37-46.9 

1 

0.5 

MW20-1 D 

10-12 

2600 

MW20-2S 

7.8-17.7 

70 

2530 

MW20-1 D 

30.8-35.8 

« 

0.5 

MW20-1 D 

30.8-35.5 

1 

0.5 

MW21  -1 D 

10-12 

500 

MW21-3S 

8.9-18.9 

82 

418 

MW21-2D 

30.2-34.9 

« 

0.5 

MW21  -2D 

30.2-34.9 

1 

0.5 

MW22-1 D 

57.9-62.9 

* 

0.5 

MW22-1 D 

57.9-62.9 

1 

0.5 

MW22-2I 

42.7-47.6 

* 

0.5 

MW22-2I 

42.747.6 

1 

0.5 

MW22-3S 

6.6-16.5 

« 

0.5 

MW22-3S 

6.6-16.5 

1 

0.5 

MW23-1 D 

30.2-34.9 

« 

0.5 

MW23-1 D 

30.2-34.9 

1 

0.5 

MW23-2S 

8.25-12.95 

« 

0.5 

MW23-2S 

8.25-12.95 

1 

0.5 

MW24-1 D 

87-91 .7 

• 

0.5 

MW24-1 D 

87-91 .7 

1 

0.5 

MW24-2S 

1 1 .9-21 .6 

* 

0.5 

MW24-2S 

1 1 .9-21 .6 

1 

0.5 

MW25-1 D 

55-60 

« 

0.5 

MW25-1 D 

55-60 

1 

0.5 

MW25-2I 

33-38 

« 

0.5 

MW25-2I 

33-38 

2 

-1.5 

MW25-3S 

11-21 

* 

0.5 

MW25-3S 

11-21 

1 

0.5 

MW26-2I 

36.5-41.3 

« 

0.5 

MW26-2I 

36.5-41.3 

1 

0.5 

MW26-3S 

10-20 

« 

62 

MW26-3S 

10-20 

10 

52 

MW27-2D 

19-21 

0.5 

MW27-4S 

17.2-26.9 

1 

0.5 

MW27-2D 

94-96 

0.5 

MW27-2D 

93.3-98.2 

1 

0.5 

MW28-2D 

72.7-77.4 

* 

0.5 

MW28-2D 

72.7-77.4 

1 

0.5 

MW28-4I 

28-33 

* 

0.5 

MW284I 

28-30 

1 

0.5 

MW28-5S 

10-20 

• 

3.7 

MW28-5S 

10-20 

1 

2.7 

MW29-1 D 

28-32.8 

» 

0.5 

MW29-1 D 

28-32.8 

1 

0.5 

MW29-2S 

10.5-20.4 

• 

20 

MW29-2S 

10.5-20.4 

1 

19 

MW30-1 1 

33-35 

0.5 

MW30-1 1 

30.2-34.9 

1 

0.5 

MW31-1D 

94.3-98.95 

• 

0.5 

MW31-1D 

94.25-98.95 

1 

0.5 

MW31-2I 

53.9-58.6 

» 

0.5 

MW31  -21 

53.9-58.6 

1 

0.5 
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MW31-3S 

1  2.9-22.6 

« 

0.5 

MW31  -3S 

12.9-22.6 

1 

-0.5 

MW33-1 D 

29.7-39.6 

* 

0.5 

MW33-1 D 

29.7-39.6 

1 

-0.5 

MW33-2S 

10-19.9 

ft 

0.5 

MW33-2S 

10-19.9 

1 

-0.5 

MW34-1 D 

11-13 

1.4 

MW34-2S 

8.5-18.4 

1 

0.4 

MW34-1 D 

35.75-45.6 

ft 

0.5 

MW34-1 D 

35.75-45.65 

1 

-0.5 

MW35-1 D 

35.8-45.7 

ft 

0.5 

MW35-1 D 

35.8-45.7 

1 

-0.5 

MW35-2S 

23-27.9 

ft 

0.5 

MW35-2S 

23-27.9 

1 

-0.5 

MW36-1 D 

12-15 

1.1 

MW36-3S 

7.7-17.6 

1 

0.1 

MW37-1 D 

11-14 

0.5 

MW37-3S 

7.3-17.2 

1 

-0.5 

MW37-1 D 

53-55 

0.5 

MW37-2I 

44.8-54.75 

1 

-0.5 

MW39-1D 

123-125 

0.5 

MW39-1 D 

119.6-1 29.5 

1 

-0.5 

PZ06 

13-16 

0.5 

PZ06 

1 1 .8-21 .8 

1 

-0.5 

PZ14 

11-13 

0.5 

PZ14 

7-17 

1 

■0.5 

PZ15 

12.1-20 

0.5 

PZ15 

12.1-22 

1 

-0.5 

PZ32 

9.1-19 

ft 

0.5 

PZ32 

9.1-19 

1 

-0.5 

04-51 7-M 

5-15 

ft 

0.5 

04-51 7-M 

5-15 

1 

-0.5 

14-552-M 

8.1-18.1 

ft 

0.5 

14-552-M 

8.1-18.1 

1 

-0.5 

14-553-M 

8-18 

ft 

0.5 

14-553-M 

8.3-18.3 

1 

-0.5 

14-554-M 

6-16 

ft 

0.5 

14-554-M 

5.9-1 5.9 

1 

-0.5 

14-626-M 

65-75 

ft 

0.5 

14-626-M 

65.2-75.2 

1 

-0.5 

583-M 

13-23 

ft 

0.5 

583-M 

13-23 

1 

-0.5 

584-M 

15.8-25.8 

ft 

0.5 

584-M 

15.8-25.8 

1 

-0.5 

GR-333 

25-35 

ft 

0.5 

GR-333 

25.1-35.1 

1 

-0.5 

GR-334 

150 

ft 

0.5 

GR-334 

145-155 

1 

-0.5 
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ANALYTICAL  RESULTS  FOR  XYLENE  IN  GROUNDWATER 
(Results  are  in  micrograms  per  liter) 


On-Site  ID 

Depth 

(feet) 

Well 

Sample 

Value 

Off-Site  ID 
(Well  No.) 

Depth 

Screen 

Value 

Analytical 

Difference 

MW01  -2D 

77-79 

0.5 

MW01  -2D 

78-83 

1 

-0.5 

MW02-1 D 

66-68 

0.5 

MW02-1 D 

68-78 

1 

■0.5 

MW04-1S 

13-15 

0.5 

MW04-1 S 

11.1-21.1 

1 

-0.5 

MW04-3I 

32-34 

0.5 

MW04-3I 

26.7-31 .7 

1 

-0.5 

MW05-1 D 

25-27 

0.5 

MW05-1 D 

22-27 

1 

-0.5 

MW05-2S 

12-14 

1.6 

MW05-2S 

7.5-17.4 

1 

0.6 

MW05-3D 

81-83 

0.5 

MW05-3D 

81.2-85.9 

1 

-0.5 

MW07-1S 

8-10 

0.5 

MW07-1S 

6.6-16.6 

1 

-0.5 

MW07-2D 

43-45 

0.91 

MW07-2D 

44.7-49.7 

1 

-0.09 

MW07-3I 

25-27 

1 

MW07-3I 

22.35-27.2 

1 

0 

MW09-1 D 

52-53 

0.5 

MW09-1 D 

50.3-55.2 

1 

-0.5 

MW09-2D 

161-163 

1.4 

MW09-2D 

163-168 

1 

0.4 

MW09-3I 

73-75 

0.5 

MW09-3I 

70-75 

1 

-0.5 

MW10-1D 

52-56 

0.5 

MW10-2I 

51.5-56.5 

1 

-0.5 

MW10-1D 

130-132 

0.5 

MW10-1D 

130.5-135.5 

1 

-0.5 

MW1 3-1 1 

37.8^7.8 

0.5 

MW1 3-1 1 

37.8-47.8 

1 

-0.5 

MW16-1D 

33.2-37.9 

• 

0.5 

MW1 6-1 D 

33.2-37.9 

1 

-0.5 

MW1 7-1 D 

9-10.5 

0.46 

MW1 7-4S 

7-17 

1 

-0.54 

MW1 7-2D 

36-38 

0.5 

MW1 7-31 

33-38 

1 

-0.5 

MW17-2D 

98-100 

0.5 

MW1 7-2D 

95-99.9 

1 

-0.5 

MW19-1D 

13-15 

0.6 

MW19-2S 

10.7-20.6 

1 

■0.4 

MW19-1D 

37-49.2 

0.5 

MW1 9-1 D 

37-46.9 

1 

-0.5 

MW20-1 D 

10-12 

1200 

MW20-2S 

7.8-17.7 

75 

1125 

MW20-1 D 

30.8-35.8 

• 

0.5 

MW20-1 D 

30.8-35.5 

1 

-0.5 

MW21  -1 D 

10-12 

1000 

MW21  -3S 

8.9-18.9 

150 

850 

MW21-2D 

30.2-34.9 

« 

0.5 

MW21  -2D 

30.2-34.9 

1 

-0.5 

MW22-1 D 

57.9-62.9 

0.5 

MW22-1 D 

57.9-62.9 

1 

-0.5 

MW22-2I 

42.7-47.6 

* 

0.5 

MW22-2I 

42.7-47.6 

1 

-0.5 

MW22-3S 

6.6-16.5 

* 

0.5 

MW22-3S 

6.6-16.5 

1 

-0.5 

MW23-1 D 

30.2-34.9 

« 

0.5 

MW23-1 D 

30.2-34.9 

1 

-0.5 

MW23-2S 

8.25-12.95 

« 

0.5 

MW23-2S 

8.25-12.95 

1 

-0.5 

MW24-1 D 

87-91.7 

• 

0.5 

MW24-1 D 

87-91 .7 

1 

^.5 

MW24-2S 

1 1 .9-21 .6 

* 

0.5 

MW24-2S 

1 1 .9-21 .6 

1 

-0.5 

MW25-1 D 

55-60 

« 

0.5 

MW25-1 D 

55-60 

1 

-0.5 

MW25-2I 

33-38 

* 

0.5 

MW25-2I 

33-38 

2 

-1.5 

MW25-3S 

11-21 

« 

2.9 

MW25-3S 

11-21 

1 

1.9 

MW26-2I 

36.5-41.3 

« 

0.5 

MW26-2I 

36.5-41 .3 

1 

-0.5 

MW26-3S 

10-20 

* 

35 

MW26-3S 

10-20 

10 

25 

MW27-2D 

19-21 

1.5 

MW27-4S 

17.2-26.9 

1 

0.5 

MW27-2D 

94-96 

0.5 

MW27-2D 

93.3-98.2 

1 

-0.5 

MW28-2D 

72.7-77.4 

« 

0.5 

MW28-2D 

72.7-77.4 

1 

-0.5 

MW28-4I 

28-33 

« 

0.5 

MW28-4I 

28-30 

1 

-0.5 

MW28-5S 

10-20 

« 

8.5 

MW28-5S 

10-20 

1 

7.5 

MW29-1 D 

28-32.8 

« 

0.5 

MW29-1 D 

28-32.8 

1 

-0.5 

MW29-2S 

10.5-20.4 

« 

19 

MW29-2S 

10.5-20.4 

1 

18 

MW30-1I 

33-35 

0.5 

MW30-1 1 

30.2-34.9 

1 

-0.5 

MW31  -1 D 

94.3-98.95 

• 

0.5 

MW31-1D 

94.25-98.95 

1 

-0.5 

MW31-2I 

53.9-58.6 

« 

0.5 

MW31  -21 

53.9-58.6 

1 

-0.5 
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MW31-3S 

12.9-22.6 

« 

0.5 

MW31  -3S 

12.9-22.6 

1 

-0.5 

MW33-1 D 

29.7-39.6 

*  . 

0.5 

MW33-1 D 

29.7-39.6 

1 

-0.5 

MW33'2S 

10-19.9 

* 

0.5 

MW33-2S 

10-19.9 

1 

-0.5 

MW34-1 D 

11-13 

1.4 

MW34-2S 

8.5-18.4 

1 

0.4 

MW34-1 D 

35.75-45.6 

» 

0.5 

MW34-1 D 

35.75-45.65 

1 

-0.5 

MW35-1 D 

35.8-45.7 

« 

0.5 

MW35-1 D 

35.8-45.7 

1 

-0.5 

MW35-2S 

23-27.9 

* 

0.5 

MW35-2S 

23-27.9 

1 

-0.5 

MW36-1 D 

12-15 

1.1 

MW36-3S 

7.7-17.6 

1 

0.1 

MW37-1 D 

11-14 

0.5 

MW37-3S 

7.3-17.2 

1 

-0.5 

MW37-1 D 

53-55 

0.5 

MW37-2I 

44.8-54.75 

1 

■0.5 

MW39-1 D 

123-125 

0.5 

MW39-1 D 

119.6-129.5 

1 

-0.5 

PZ06 

13-16 

0.5 

PZ06 

1 1 .8-21 .8 

1 

-0.5 

PZ14 

11-13 

0.5 

PZ14 

7-17 

1 

-0.5 

PZ15 

12.1-20 

0.5 

PZ15 

12.1-22 

1 

-0.5 

PZ32 

9.1-19 

« 

0.5 

PZ32 

9.1-19 

1 

-0.5 

04-51 7-M 

5-15 

* 

0.5 

04-51 7-M 

5-15 

1 

-0.5 

14-552-M 

8.1-18.1 

« 

0.5 

14-552-M 

8.1-18.1 

1 

-0.5 

14-553-M 

8-18 

« 

0.5 

14-553-M 

8.3-18.3 

1 

-0.5 

14-554-M 

6-16 

• 

0.5 

14-554-M 

5.9-15.9 

1 

-0.5 

14-626-M 

65-75 

* 

0.5 

14-626-M 

65.2-75.2 

1 

-0.5 

583-M 

13-23 

« 

0.5 

583-M 

13-23 

1 

-0.5 

584-M 

15.8-25.8 

• 

0.5 

584-M 

15.8-25.8 

1 

-0.5 

GR-333 

25-35 

« 

0.5 

GR-333 

25.1-35.1 

1 

-0.5 

GR-334 

150 

« 

0.5 

GR-334 

145-155 

1 

-0.5 
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ANALYTICAL  RESULTS  FOR  CHLOROFORM  IN  GROUNDWATER 
(Results  are  in  micrograms  per  IKer) 


On-Site  ID 

Depth 

Well 

Value 

Off-Site  ID 

Depth 

Value 

Analytical 

(feet) 

Sample 

(Well  No.) 

Screen 

Difference 

MW01-2D 

77-79 

0.3 

MW01-2D 

78-83 

2 

-1.7 

MW02-1 D 

66-68 

2.4 

MW02-1 D 

68-78 

2 

0.4 

MW04-1 S 

13-15 

0.2 

MW04-1 S 

11.1-21.1 

2 

-1 .8 

MW04-3I 

32-34 

0.2 

MW04-3I 

26.7-31.7 

2 

-1.8 

MW05-1 D 

25-27 

1.2 

MW05-1 D 

22-27 

2 

-0.8 

MW05-2S 

12-14 

0.2 

MW05-2S 

7.5-17.4 

2 

-1 .8 

MW05-3D 

81-83 

0.2 

MW05-3D 

81.2-85.9 

2 

-1 .8 

MW07-1S 

8-10 

0.2 

MW07-1 S 

6.6-16.6 

1 

-0.8 

MW07-2D 

43-45 

0.2 

MW07-2D 

44.7-49.7 

2 

-1 .8 

MW07-3I 

25-27 

0.96 

MW07-3I 

22.35-27.2 

0.6 

0.36 

MW09-1 D 

52-53 

0.2 

MW09-1 D 

50.3-55.2 

2 

-1 .8 

MW09-2D 

161-163 

0.2 

MW09-2D 

163-168 

2 

-1 .8 

MW09-3I 

73-75 

0.2 

MW09-3I 

70-75 

2 

-1 .8 

MW10-1D 

52-56 

0.23 

MW10-2I 

51.5-56.5 

2 

-1.77 

MW10-1D 

130-132 

0.37 

MW10-1D 

130.5-135.5 

2 

-1.63 

MW1 3-1 1 

37.8-47.8 

• 

0.2 

MW1 3-1 1 

37.8-47.8 

2 

-1.8 

MW1 6-1 D 

33.2-37.9 

« 

0.2 

MW16-1D 

33.2-37.9 

2 

-1 .8 

MW1 7-1 D 

9-10.5 

0.19 

MW1 7-4S 

7-17 

2 

-1 .81 

MW1 7-2D 

36-38 

0.64 

MW1 7-31 

33-38 

0.6 

0.04 

MW1 7-2D 

98-100 

0.2 

MW1 7-2D 

95-99.9 

2 

-1.8 

MW19-1D 

13-15 

0.2 

MW1 9-2S 

10.7-20.6 

2 

-1.8 

MW1 9-1 D 

37-49.2 

0.2 

MW19-1D 

37-46.9 

2 

-1.8 

MW20-1 D 

10-12 

0.2 

MW20-2S 

7.8-17.7 

2 

-1.8 

MW20-1D 

30.8-35.8 

* 

0.21 

MW20-1 D 

30.8-35.5 

2 

-1.79 

MW21  -1 D 

10-12 

0.2 

MW21-3S 

8.9-18.9 

2 

-1.8 

MW21  -2D 

30.2-34.9 

* 

0.2 

MW21-2D 

30.2-34.9 

2 

-1.8 

MW22-1 D 

57.9-62.9 

« 

0.2 

MW22-1D 

57.9-62.9 

2 

-1.8 

MW22-2I 

42.7-47.6 

« 

0.2 

MW22-2I 

42.7-47.6 

2 

-1.8 

MW22-3S 

6.6-16.5 

« 

0.2 

MW22-3S 

6.6-16.5 

2 

-1 .8 

MW23-1 D 

30.2-34.9 

• 

0.2 

MW23-1 D 

30.2-34.9 

2 

-1 .8 

MW23-2S 

8.25-12.95 

* 

0.2 

MW23-2S 

8.25-12.95 

2 

-1.8 

MW24-1 D 

87-91.7 

« 

0.2 

MW24-1 D 

87-91 .7 

2 

-1.8 

MW24-2S 

1 1 .9-21 .6 

« 

0.2 

MW24-2S 

1 1 .9-21 .6 

2 

-1 .8 

MW25-1 D 

55-60 

« 

0.2 

MW25-1 D 

55-60 

2 

-1.8 

MW25-2I 

33-38 

« 

0.2 

MW25-2I 

33-38 

4 

-3.8 

MW25-3S 

11-21 

« 

0.2 

MW25-3S 

11-21 

2 

-1.8 

MW26-2I 

36.5-41 .3 

• 

0.2 

MW26-2I 

36.5-41.3 

2 

-1.8 

MW26-3S 

10-20 

« 

0.2 

MW26-3S 

10-20 

20 

-19.8 

MW27-2D 

19-21 

0.2 

MW27-4S 

17.2-26.9 

2 

-1 .8 

MW27-2D 

94-96 

0.2 

MW27-2D 

93.3-98.2 

2 

-1 .8 

MW28-2D 

72.7-77.4 

« 

0.2 

MW28-2D 

72.7-77.4 

2 

-1.8 

MW28-4I 

28-33 

« 

0.47 

MW28-4I 

28-30 

2 

-1.53 

MW28-5S 

10-20 

« 

0.2 

MW28-5S 

10-20 

2 

-1.8 

MW29-1 D 

28-32.8 

* 

0.2 

MW29-1 D 

28-32.8 

2 

-1 .8 

MW29-2S 

10.5-20.4 

• 

0.2 

MW29-2S 

10.5-20.4 

2 

-1.8 

MW30-1 1 

33-35 

0.2 

MW30-1 1 

30.2-34.9 

2 

-1.8 

MW31-1D 

94.3-98.95 

« 

0.2 

MW31  -1 D 

94.25-98.95 

2 

-1 .8 

MW31  -21 

53.9-58.6 

« 

0.2 

MW31  -21 

53.9-58.6 

2 

-1 .8 
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MW31-3S 

12.9-22.6 

« 

0.2 

MW31  -3S 

12.9-22.6 

2 

-1 .8 

MW33-1 D 

29.7-39.6 

« 

0.2 

MW33-1 D 

29.7-39.6 

2 

-1.8 

MW33-2S 

10-19.9 

« 

0.2 

MW33-2S 

10-19.9 

2 

-1 .8 

MW34-1D 

11-13 

0.2 

MW34-2S 

8.5-18.4 

2 

-1 .8 

MW34-1D 

35.75-45.6 

« 

0.2 

MW34-1 D 

35.75-45.65 

2 

-1 .8 

MW35-1D 

35.8-45.7 

« 

0.2 

MW35-1 D 

35.8-45.7 

2 

-1 .8 

MW35-2S 

23-27.9 

« 

0.2 

MW35-2S 

23-27.9 

2 

-1.8 

MW36-1D 

12-15 

0.2 

MW36-3S 

7.7-17.6 

2 

-1.8 

MW37-1D 

11-14 

0.2 

MW37-3S 

7.3-17.2 

2 

-1 .8 

MW37-1 D 

53-55 

0.2 

MW37-2I 

44.8-54.75 

2 

-1.8 

MW39-1 D 

123-125 

0.2 

MW39-1 D 

119.6-129.5 

2 

-1 .8 

PZ06 

13-16 

0.7 

P206 

11.8-21.8 

2 

-1.3 

PZ14 

11-13 

1.1 

PZ14 

7-17 

2 

-0.9 

PZ15 

12.1-20 

0.2 

PZ15 

12.1-22 

2 

-1.8 

PZ32 

9.1-19 

« 

0.53 

PZ32 

9.1-19 

0.7 

-0.17 

04-51 7-M 

5-15 

« 

0.47 

04-51 7-M 

5-15 

2 

-1.53 

14-552-M 

8.1-18.1 

• 

0.2 

14-552-M 

8.1-18.1 

2 

-1 .8 

14-553-M 

8-18 

« 

0.2 

14-553-M 

8.3-18.3 

2 

-1 .8 

14-554-M 

6-16 

« 

0.17 

14-554-M 

5.9-15.9 

2 

-1.83 

14-626-M 

65-75 

« 

0.2 

14-626-M 

65.2-75.2 

2 

-1.8 

583-M 

13-23 

« 

0.2 

583-M 

13-23 

2 

-1.8 

584-M 

1 5.8-25.8 

« 

0.2 

584-M 

15.8-25.8 

2 

-1.8 

GR-333 

25-35 

• 

0.75 

GR-333 

25.1-35.1 

0.6 

0.15 

GR-334 

150 

« 

0.2 

GR-334 

145-155 

2 

-1.8 
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ANALYTICAL  RESULTS  FOR  1,1.1 -TCA  IN  GROUNDWATER 
(Results  are  in  micrograms  per  liter) 


On-Site  ID 

Depth 

(feet) 

Well 

Sample 

Value 

Off-Site  ID 
(Well  No.) 

Depth 

Screen 

Value 

Analytical 

DiffererKe 

MW01  -2D 

77-79 

0.2 

MW01  -2D 

78-83 

2 

-1 .8 

MW02-1 D 

66-68 

0.2 

MW02'1  D 

68-78 

2 

-1.8 

MW04-1S 

13-15 

1.29 

MW04-1 S 

11.1-21.1 

0.7 

0.59 

MW04-3I 

32-34 

0.2 

MW04'3I 

26.7-31.7 

2 

-1 .8 

MW05-1D 

25-27 

0.2 

MW05-1 D 

22-27 

2 

-1 .8 

MW05-2S 

12-14 

0.2 

MW05-2S 

7.5-17.4 

2 

-1.8 

MW05-3D 

81-83 

0.2 

MW05'3D 

81 .2-85.9 

2 

-1 .8 

MW07-1S 

8-10 

0.2 

MW07-1 S 

6.6-16.6 

0.6 

-0.4 

MW07-2D 

43-45 

0.2 

MW07-2D 

44.7-49.7 

2 

-1.8 

MW07-3I 

25-27 

0.55 

MW07-3I 

22.35-27.2 

2 

-1 .45 

MW09-1 D 

52-53 

0.2 

MW09'1  D 

50.3-55.2 

2 

-1 .8 

MW09-2D 

161-163 

0.2 

MW09-2D 

1 63-1 68 

2 

-1.8 

MW09-3I 

73-75 

0.2 

MW09'3I 

70-75 

2 

-1.8 

MW10-1D 

52-56 

0.2 

MW10'2I 

51.5-56.5 

2 

-1.8 

MW10-1D 

130-132 

0.2 

MW10-1D 

130.5-135.5 

2 

-1.8 

MW1 3-1 1 

37.8-47.8 

• 

0.2 

MWl  3-1 1 

37.8-47.8 

2 

-1.8 

MW16-1D 

33.2-37.9 

• 

0.2 

MW16-1D 

33.2-37.9 

2 

-1.8 

MW1 7-1 D 

9-10.5 

0.27 

MWl  7-4S 

7-17 

2 

-1.73 

MW1 7-2D 

36-38 

0.43 

MWl  7-31 

33-38 

2 

-1.57 

MW17-2D 

98-100 

0.2 

MWl  7-2D 

95-99.9 

2 

-1 .8 

MW19-1D 

13-15 

0.2 

MW19-2S 

10.7-20.6 

2 

-1.8 

MW19-1D 

37-49.2 

0.2 

MWl  9-ID 

37-46.9 

2 

-1.8 

MW20-1 D 

10-12 

0.28 

MW20-2S 

7.8-17.7 

2 

-1.72 

MW20-1 D 

30.8-35.8 

• 

0.37 

MW20-1 D 

30.8-35.5 

2 

-1 .63 

MW21  -1 D 

10-12 

0.2 

MW21-3S 

8.9-18.9 

2 

-1 .8 

MW21  -2D 

30.2-34.9 

« 

0.41 

MW21-2D 

30.2-34.9 

2 

-1.59 

MW22-1 D 

57.9-62.9 

• 

0.2 

MW22-1 D 

57.9-62.9 

2 

-1 .8 

MW22-2I 

42.7-47.6 

# 

0.2 

MW22-2I 

42.747.6 

2 

-1.8 

MW22-3S 

6.6-16.5 

« 

0.2 

MW22-3S 

6.6-16.5 

2 

-1.8 

MW23-1 D 

30.2-34.9 

• 

0.23 

MW23-1 D 

30.2-34.9 

2 

-1.77 

MW23-2S 

8.25-12.95 

• 

0.2 

MW23-2S 

8.25-12.95 

2 

-1.8 

MW24-1 D 

87-91.7 

• 

0.2 

MW24-1 D 

87-91.7 

2 

-1 .8 

MW24-2S 

1 1 .9-21 .6 

« 

0.2 

MW24-2S 

1 1 .9-21 .6 

2 

-1 .8 

MW25-1D 

55-60 

« 

0.2 

MW25-1 D 

55-60 

2 

-1.8 

MW25-2I 

33-38 

• 

0.2 

MW25-2I 

33-38 

4 

-3.8 

MW25-3S 

11-21 

• 

0.2 

MW25-3S 

11-21 

2 

-1 .8 

MW26-2I 

36.5-41 .3 

• 

0.2 

MW26'2I 

36.541 .3 

2 

-1 .8 

MW26-3S 

10-20 

• 

0.2 

MW26-3S 

10-20 

20 

-19.8 

MW27-2D 

19-21 

0.16 

MW27-4S 

17.2-26.9 

2 

-1.84 

MW27-2D 

94-96 

0.2 

MW27-2D 

93.3-98.2 

2 

-1 .8 

MW28-2D 

72.7-77.4 

• 

0.2 

MW28-2D 

72.7-77.4 

2 

-1 .8 

MW28-4I 

28-33 

• 

0.2 

MW28'4I 

28-30 

2 

-1 .8 

MW28-5S 

10-20 

* 

0.2 

MW28-5S 

10-20 

2 

-1.8 

MW29-1 D 

28-32.8 

• 

0.2 

MW29-1 D 

28-32.8 

2 

-1 .8 

MW29-2S 

10.5-20.4 

« 

0.2 

MW29-2S 

10.5-20.4 

2 

-1.8 

MW30-1 1 

33-35 

0.2 

MW30-1 1 

30.2-34.9 

2 

-1 .8 

MW31-1D 

94.3-98.95 

« 

0.2 

MW31-1D 

94.25-98.95 

2 

-1 .8 

MW31-2I 

53.9-58.6 

« 

0.2 

MW31  -21 

53.9-58.6 

2 

-1.8 
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MW31  -3S 

1 2.9-22.6 

* 

0.19 

MW31  -3S 

12.9-22.6 

2 

-1.81 

MW33-1 D 

29.7-39.6 

• 

0.2 

MW33-1 D 

29.7-39.6 

2 

-1.8 

MW33-2S 

10-19.9 

» 

0.2 

MW33-2S 

10-19.9 

2 

-1.8 

MW34-1 D 

11-13 

0.5 

MW34-2S 

8.5-18.4 

4 

-3.5 

MW34-1 D 

35.75-45.6 

* 

0.2 

MW34-1 D 

35.75-45.65 

2 

-1.8 

MW35-1 D 

35.8-45.7 

* 

0.19 

MW35-1 D 

35.8-45.7 

2 

-1.81 

MW35-2S 

23-27.9 

# 

0.2 

MW35-2S 

23-27.9 

2 

-1 .8 

MW36-1 D 

12-15 

0.2 

MW36-3S 

7.7-17.6 

2 

-1.8 

MW37-1 D 

11-14 

0.2 

MW37-3S 

7.3-17.2 

2 

-1.8 

MW37-1 D 

53-55 

0.2 

MW37-2I 

44.8-54.75 

2 

-1.8 

MW39-1 D 

1 23-1 25 

0.2 

MW39-1 D 

119.6-129.5 

2 

-1.8 

PZ06 

13-16 

1.9 

PZ06 

1 1 .8-21 .8 

0.6 

1.3 

PZ14 

11-13 

0.65 

PZ14 

7-17 

2 

-1.35 

PZ15 

12.1-20 

0.2 

PZ15 

12.1-22 

2 

-1.8 

PZ32 

9.1-19 

« 

0.26 

PZ32 

9.1-19 

2 

-1.74 

04-51 7-M 

5-15 

• 

0.2 

04-51 7-M 

5-15 

2 

-1.8 

14-552-M 

8.1-18.1 

* 

0.31 

14-552-M 

8.1-18.1 

2 

-1.69 

14-553-M 

8-18 

• 

0.2 

14-553-M 

8.3-18.3 

2 

-1.8 

14-554-M 

6-16 

* 

0.6 

14-554-M 

5.9-15.9 

2 

-1.4 

14-626-M 

65-75 

• 

0.2 

14-626-M 

65.2-75.2 

2 

-1.8 

583-M 

13-23 

• 

0.2 

583-M 

13-23 

2 

-1.8 

584-M 

15.8-25.8 

« 

0.2 

584-M 

15.8-25.8 

2 

-1.8 

GR-333 

25-35 

• 

1.6 

GR-333 

25.1-35.1 

1 

0.6 

GR-334 

150 

* 

0.2 

GR-334 

145-155 

2 

-1.8 
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ANALYTICAL  RESULTS  FOR  CARBON  TETRACHLORIDE  IN  GROUNDWATER 
(Results  are  in  micrograms  per  liter) 


On-Site  ID 

Depth 

(feet) 

Well 

Sample 

Value 

Off-Site  ID 
(Well  No.) 

Depth 

Screen 

Value 

Analytical 

Difference 

MW01-2D 

77-79 

0.2 

MW01-2D 

78-83 

3 

-2.8 

MW02-1 D 

66-68 

0.2 

MW02-1 D 

68-78 

3 

-2.8 

MW04-1S 

13-15 

0.2 

MW04-1 S 

11.1-21.1 

3 

-2.8 

MW04-3I 

32-34 

0.2 

MW04-3I 

26.7-31.7 

3 

-2.8 

MW05-1 D 

25-27 

0.2 

MW05-1 D 

22-27 

3 

-2.8 

MW05-2S 

12-14 

0.2 

MW05-2S 

7.5-17.4 

3 

-2.8 

MW05-3D 

81-83 

0.2 

MW05-3D 

81.2-85.9 

3 

-2.8 

MW07-1S 

8-10 

0.2 

MW07-1 S 

6.6-16.6 

3 

-2.8 

MW07-2D 

43-45 

0.2 

MW07-2D 

44.7-49.7 

3 

-2.8 

MW07-3I 

25-27 

0.2 

MW07-3I 

22.35-27.2 

3 

-2.8 

MW09-1 D 

52-53 

0.2 

MW09-1 D 

50.3-55.2 

3 

-2.8 

MW09-2D 

161-163 

0.2 

MW09-2D 

163-168 

3 

-2.8 

MW09-3I 

73-75 

0.2 

MW09-3I 

70-75 

3 

-2.8 

i4W10-1D 

52-56 

0.2 

MW10-2I 

51.5-56.5 

3 

-2.8 

MW10-1D 

1 30-1 32 

0.2 

MW10-1D 

130.5-135.5 

3 

-2.8 

MW1 3-1 1 

37.8-47.8 

« 

0.2 

MW1 3-1 1 

37.8-47.8 

3 

-2.8 

MW16-1D 

33.2-37.9 

* 

0.2 

MW1 6-1 D 

33.2-37.9 

3 

-2.8 

MW1 7-1 D 

9-10.5 

0.2 

MW1  7-4S 

7-17 

3 

-2.8 

MW17-2D 

36-38 

0.2 

MW1 7-31 

33-38 

3 

-2.8 

MW1 7-2D 

98-100 

0.2 

MW1 7-2D 

95-99.9 

3 

-2.8 

MW19-1D 

13-15 

0.2 

MW19-2S 

10.7-20.6 

3 

-2.8 

MW1 9-1 D 

37-49.2 

0.2 

MW19-1D 

37-46.9 

3 

-2.8 

MW20-1 D 

10-12 

C.2 

MW20-2S 

7.8-17.7 

3 

-2.8 

MW20-1 D 

30.8-35.8 

* 

0.2 

MW20-1 D 

30.8-35.5 

3 

-2.8 

MW21-1D 

10-12 

0.2 

MW21-3S 

8.9-18.9 

3 

-2.8 

MW21  -2D 

30.2-34.9 

« 

0.2 

MW21  -2D 

30.2-34.9 

3 

-2.8 

MW22-1D 

57.9-62.9 

» 

0.2 

MW22-1 D 

57.9-62.9 

3 

-2.8 

MW22-2I 

42.7-47.6 

• 

0.2 

MW22-2I 

42.7-47.6 

3 

-2.8 

MW22-3S 

6.6-16.5 

0.2 

MW22-3S 

6.6-16.5 

3 

-2.8 

MW23-1 D 

30.2-34.9 

* 

0.2 

MW23-1 D 

30.2-34.9 

3 

-2.8 

MW23-2S 

8.25-12.95 

* 

0.2 

MW23-2S 

8.25-12.95 

3 

-2.8 

MW24-1 D 

87-91 .7 

* 

0.2 

MW24-1 D 

87-91.7 

3 

-2.8 

MW24-2S 

1 1 .9-21 .6 

* 

0.2 

MW24-2S 

1 1 .9-21 .6 

3 

-2.8 

MW25-1 D 

55-60 

« 

0.2 

MW25-1 D 

55-60 

3 

-2.8 

MW25-2I 

33-38 

• 

0.2 

MW25-2I 

33-38 

6 

-5.8 

MW25-3S 

11-21 

« 

0.2 

MW25-3S 

11-21 

3 

-2.8 

MW26-2I 

36.5-41 .3 

« 

0.2 

MW26-2I 

36.5-41 .3 

3 

-2.8 

MW26-3S 

10-20 

» 

0.2 

MW26-3S 

10-20 

30 

-29.8 

MW27-2D 

19-21 

0.2 

MW27-4S 

17.2-26.9 

3 

-2.8 

MW27-2D 

94-96 

0.2 

MW27-2D 

93.3-98.2 

3 

-2.8 

MW28-2D 

72.7-77.4 

• 

0.2 

MW28-2D 

72.7-77.4 

3 

-2.8 

MW28-4I 

28-33 

« 

0.2 

MW28-4I 

28-30 

3 

-2.8 

MW28-5S 

10-20 

* 

0.2 

MW28-5S 

10-20 

3 

-2.8 

MW29-1 D 

28-32.8 

* 

0.2 

MW29-1 D 

28-32.8 

3 

-2.8 

MW29-2S 

10.5-20.4 

« 

0.2 

MW29-2S 

10.5-20.4 

3 

-2.8 

MW30-1 1 

33-35 

0.2 

MW30-1 1 

30.2-34.9 

3 

-2.8 

MW31-1D 

94.3-98.95 

« 

0.2 

MW31-1D 

94.25-98.95 

3 

-2.8 

MW31  -21 

53.9-58.6 

« 

0.2 

MW31  -21 

53.9-58.6 

3 

-2.8 
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MW31-3S 

12.9-22.6 

• 

0.2 

MW31  -3S 

12.9-22.6 

3 

-2.8 

MW33-1D 

29.7-39.6 

0.2 

MW33-1 D 

29.7-39.6 

3 

-2.8 

MW33-2S 

10-19.9 

• 

0.2 

MW33-2S 

10-19.9 

3 

-2.8 

MW34-1 D 

11-13 

0.2 

MW34-2S 

8.5-18.4 

3 

-2.8 

MW34'1  D 

35.75-45.6 

* 

0.2 

MW34-1 D 

35.75-45.65 

3 

-2.8 

MW35-1 D 

35.8-45.7 

• 

0.2 

MW35-1 D 

35.8-45.7 

3 

-2.8 

MW35-2S 

23-27.9 

« 

0.2 

MW35-2S 

23-27.9 

3 

-2.8 

MW36-1 D 

12-15 

0.2 

MW36-3S 

7.7-17.6 

3 

-2.8 

MW37-1 D 

11-14 

0.2 

MW37-3S 

7.3-17.2 

3 

-2.8 

MW37-1 D 

53-55 

0.2 

MW37-2I 

44.8-54.75 

3 

-2.8 

MW39-1 D 

1 23-1 25 

0.2 

MW39-1 D 

119.6-129.5 

3 

-2.8 

PZ06 

13-16 

0.2 

PZ06 

1 1 .8-21 .8 

3 

-2.8 

PZ14 

11-13 

0.2 

PZ14 

7-17 

3 

-2.8 

PZ15 

12.1-20 

0.2 

P215 

12.1-22 

3 

-2.8 

PZ32 

9.1-19 

« 

0.2 

PZ32 

9.1-19 

3 

-2.8 

04-51 7-M 

5-15 

0.2 

04-51 7-M 

5-15 

3 

-2.8 

14-552-M 

8.1-18.1 

* 

0.2 

14-552-M 

8.1-18.1 

3 

-2.8 

14-553-M 

8-18 

« 

0.2 

14-553-M 

8.3-18.3 

3 

-2.8 

14-554-M 

6-16 

« 

0.2 

14-554-M 

5.9-15.9 

3 

-2.8 

14-626-M 

65-75 

« 

0.2 

14-626-M 

65.2-75.2 

3 

-2.8 

583-M 

13-23 

« 

0.2 

583-M 

13-23 

3 

-2.8 

584-M 

15.8-25.8 

« 

0.2 

584-M 

15.8-25.8 

3 

-2.8 

GR-333 

25-35 

• 

0.26 

GR-333 

25.1-35.1 

3 

-2.74 

GR-334 

150 

• 

0.2 

GR-334 

145-155 

3 

-2.8 
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ANALYTICAL  RESULTS  FOR  TRICHLOROETHENE  IN  GROUNDWATER 
(Results  are  in  micrograms  per  liter) 


On-Site  ID 

Depth 

(feet) 

Well 

Sample 

Value 

Off-Site  ID 
(Well  No.) 

Depth 

Screen 

Value 

Analytical 

Difference 

MW01-2D 

77-79 

0.2 

MW01-2D 

78-83 

1 

-0.8 

MW02-1D 

66-68 

1 

MW02-1 D 

68-78 

1 

0 

MW04-1S 

13-15 

0.2 

MW04-1S 

11.1-21.1 

1 

-0.8 

MW04-3I 

32-34 

0.2 

MW04-3I 

26.7-31.7 

1 

-0.8 

MW05-1D 

25-27 

0.2 

MW05-1 D 

22-27 

1 

-0.8 

MW05-2S 

12-14 

0.2 

MW05-2S 

7.5-17.4 

1 

-0.8 

MW05-3D 

81-83 

0.2 

MW05-3D 

81 .2-85.9 

1 

-0.8 

MW07-1S 

8-10 

1 

MW07-1S 

6.6-16.6 

1 

0 

MW07-2D 

43-45 

0.2 

MW07-2D 

44.7-49.7 

1 

-0.8 

MW07-3I 

25-27 

0.2 

MW07-3I 

22.35-27.2 

1 

-0.8 

MW09-1 D 

52-53 

0.2 

MW09-1 D 

50.3-55.2 

1 

-0.8 

MW09-2D 

161-163 

0.2 

MW09-2D 

163-168 

1 

-0.8 

MW09-3I 

73-75 

0.2 

MW09-3I 

70-75 

1 

-0.8 

MW10-1D 

52-56 

0.2 

MW10-2I 

51.5-56.5 

1 

-0.8 

MW10-1D 

130-132 

0.2 

MW10-1D 

130.5-135.5 

1 

-0.8 

MW1 3-1 1 

37.8-47.8 

• 

0.2 

MW1 3-1 1 

37.8-47.8 

1 

-0.8 

MW16-1D 

33.2-37.9 

« 

0.2 

MW1 6-1 D 

33.2-37.9 

1 

-0.8 

MW17-1D 

9-10.5 

0.2 

MW1 7-4S 

7-17 

1 

-0.8 

MW17-2D 

36-38 

0.2 

MW1 7-31 

33-38 

1 

-0.8 

MW17-2D 

98-100 

0.2 

MW17-2D 

95-99.9 

1 

-0.8 

MW19-1D 

13-15 

0.2 

MW19-2S 

10.7-20.6 

1 

-0.8 

MW19-1D 

37-49.2 

0.2 

MW19-1D 

37-46.9 

1 

-0.8 

MW20-1D 

10-12 

0.2 

MW20-2S 

7.8-17.7 

1 

-0.8 

MW20-1 D 

30.8-35.8 

« 

0.2 

MW20-1D 

30.8-35.5 

1 

-0.8 

MW21-1D 

10-12 

0.2 

MW21-3S 

8.9-18.9 

1 

-0.8 

MW21-2D 

30.2-34.9 

« 

0.2 

MW21-2D 

30.2-34.9 

1 

-0.8 

MW22-1D 

57.9-62.9 

« 

0.2 

MW22-1D 

57.9-62.9 

1 

-0.8 

MW22-2I 

42.7-47.6 

« 

0.2 

MW22-2I 

42.7-47.6 

1 

-0.8 

MW22-3S 

6.6-16.5 

0.2 

MW22-3S 

6.6-16.5 

1 

-0.8 

MW23-1 D 

30.2-34.9 

« 

0.2 

MW23-1D 

30.2-34.9 

1 

-0.8 

MW23-2S 

8.25-12.95 

* 

0.2 

MW23-2S 

8.25-12.95 

1 

-0.8 

MW24-1 D 

87-91 .7 

« 

0.2 

MW24-1 D 

87-91 .7 

1 

-0.8 

MW24-2S 

1 1 .9-21 .6 

« 

0.2 

MW24-2S 

1 1 .9-21 .6 

1 

■0.8 

MW25-1 D 

55-60 

« 

0.2 

MW25-1D 

55-60 

1 

-0.8 

MW25-2I 

33-38 

« 

0.2 

MW25-2I 

33-38 

2 

-1 .8 

MW25-3S 

11-21 

« 

0.2 

MW25-3S 

11-21 

1 

-0.8 

MW26-2I 

36.5-41 .3 

* 

0.2 

MW26-2I 

36.5-41 .3 

1 

-0.8 

MW26-3S 

10-20 

« 

0.2 

MW26-3S 

10-20 

11 

-10.8 

MW27-2D 

19-21 

0.2 

MW27-4S 

17.2-26.9 

1 

-0.8 

MW27-2D 

94-96 

0.2 

MW27-2D 

93.3-98.2 

1 

-0.8 

MW28-2D 

72.7-77.4 

* 

0.2 

MW28-2D 

72.7-77.4 

1 

-0.8 

MW28-4I 

28-33 

« 

0.18 

MW28-4I 

28-30 

1 

-0.82 

MW28-5S 

10-20 

• 

0.2 

MW28-5S 

10-20 

1 

-0.8 

MW29-1D 

28-32.8 

« 

0.2 

MW29-1 D 

28-32.8 

1 

■0.8 

MW29-2S 

10.5-20.4 

« 

0.2 

MW29-2S 

10.5-20.4 

1 

-0.8 

MW30-1I 

33-35 

0.2 

MW30-1 1 

30.2-34.9 

1 

-0.8 

MW31-1D 

94.3-98.95 

« 

0.2 

MW31  -1 D 

94.25-98.95 

1 

-0.8 

MW31-2I 

53.9-58.6 

• 

0.2 

MW31-2I 

53.9-58.6 

1 

-0.8 
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MW31  -3S 

12.9-22.6 

« 

0.2 

MW31  -3S 

12.9-22.6 

1 

-0.8 

MW33-1 D 

29.7-39.6 

« 

0.2 

MW33-1 D 

29.7-39.6 

1 

-0.8 

MW33-2S 

10-19.9 

0.2 

MW33-2S 

10-19.9 

1 

-0.8 

MW34-1 D 

11-13 

0.2 

MW34-2S 

8.5-18.4 

15 

-14.8 

MW34-1 D 

35.75-45.6 

0.2 

MW34-1 D 

35.75-45.65 

1 

-0.8 

MW35-1 D 

35.8-45.7 

« 

0.2 

MW35-1 D 

35.8-45.7 

1 

-0.8 

MW35-2S 

23-27.9 

« 

0.2 

MW35-2S 

23-27.9 

1 

-0.8 

MW36-1 D 

12-15 

0.52 

MW36-3S 

7.7-17.6 

1 

-0.48 

MW37-1 D 

11-14 

0.2 

MW37-3S 

7.3-17.2 

1 

-0.8 

MW37-1 D 

53-55 

0.2 

MW37-2I 

44.8-54.75 

1 

-0.8 

MW39-1 D 

123-125 

0.2 

MW39-1 D 

119.6-129.5 

1 

-0.8 

PZ06 

13-16 

0.2 

PZ06 

1 1 .8-21 .8 

1 

-0.8 

PZ14 

11-13 

0.2 

PZ14 

7-17 

1 

-0.8 

PZ15 

12.1-20 

0.2 

PZ15 

12.1-22 

1 

-0.8 

PZ32 

9.1-19 

« 

0.2 

PZ32 

9.1-19 

1 

-0.8 

04-51 7-M 

5-15 

0.18 

04-51 7-M 

5-15 

1 

-0.32 

14-552-M 

8.1-18.1 

« 

0.2 

14-552-M 

8.1-18.1 

1 

-0.8 

14-553-M 

8-18 

* 

0.2 

14-553-M 

8.3-18.3 

1 

-0.8 

14-554-M 

6-16 

« 

0.2 

14-554-M 

5.9-15.9 

1 

-0.8 

14-626-M 

65-75 

* 

0.2 

14-626-M 

65.2-75.2 

1 

-0.8 

583-M 

13-23 

« 

0.2 

583-M 

13-23 

1 

-0.8 

584-M 

15.8-25.8 

• 

0.2 

584-M 

1 5.8-25.8 

1 

-0.8 

GR-333 

25-35 

• 

5.1 

GR-333 

25.1-35.1 

5 

0.1 

GR-334 

150 

# 

0.2 

GR-334 

145-155 

1 

-0.8 
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ANALYTICAL  RESULTS  FOR  TETRACHLOROETHENE  IN  GROUNDWATER 
(Results  are  in  microgranis  per  liter) 


On-Site  ID 

Depth 

(feet) 

Well 

Sample 

Value 

Off-Site  ID 
(Well  No.) 

Depth 

Screen 

Value 

Analytical 

Difference 

MW01-2D 

77-79 

0.2 

MW01-2D 

78-83 

1 

-0.8 

MW02-1 D 

66-68 

0.44 

iviWC2-1D 

68-78 

1 

-0.56 

MW04-1S 

13-15 

0.2 

MW04-1S 

11.1-21.1 

1 

-0.8 

MW04-3I 

32-34 

0.2 

MW04-3I 

26.7-31 .7 

1 

-0.8 

MW05-1 D 

25-27 

0.2 

MW05-1 D 

22-27 

1 

■0.8 

MW05-2S 

12-14 

0.2 

MW05-2S 

7.5-17.4 

1 

-0.8 

MW05-3D 

81-83 

0.2 

MW05-3D 

81 .2-85.9 

1 

-0.8 

MW07-1S 

8-10 

0.2 

MW07-1S 

6.6-16.6 

1 

-0.8 

MW07-2D 

43-45 

0.2 

MW07-2D 

44.7-49.7 

1 

-0.8 

MW07-3I 

25-27 

0.2 

MW07-3I 

22.35-27.2 

1 

-0.8 

MW09-1 D 

52-53 

0.2 

MW09-1 D 

50.3-55.2 

1 

-0.8 

MW09-2D 

161-163 

0.2 

MW09-2D 

163-168 

1 

-0.8 

MW09-3I 

73-75 

0.2 

MW09-3I 

70-75 

1 

-0.8 

MW10-1D 

52-56 

0.2 

MW10-2I 

51 .5-56.5 

1 

-0.8 

MWIQ-ID 

130-132 

0.2 

MW10-1D 

130.5-135.5 

1 

-0.8 

MW1 3-1 1 

37.8-47.8 

« 

0.2 

MW1 3-1 1 

37.8-47.8 

1 

-0.8 

MW16-1D 

33.2-37.9 

« 

0.2 

MW1 6-1 D 

33.2-37.9 

1 

■0.8 

MW17-1D 

9-10.5 

0.2 

MW1 7-4S 

7-17 

1 

-0.8 

MW1 7-2D 

36-38 

0.2 

MW1 7-31 

33-38 

1 

-0.8 

MW1 7-2D 

98-100 

0.2 

MW1 7-2D 

95-99.9 

1 

-0.8 

MW19-1D 

13-15 

0.2 

MW19-2S 

10.7-20.6 

1 

■0.8 

MW19-1D 

37-49.2 

0.2 

MW19-1D 

37-46.9 

1 

-0.8 

MW20-1D 

10-12 

0.2 

MW20-2S 

7.8-17.7 

1 

-0.8 

MW20-1D 

30.8-35.8 

« 

0.2 

MW20-1 D 

30.8-35.5 

1 

^.8 

MW21-1D 

10-12 

0.2 

MW21-3S 

8.9-18.9 

1 

-0.8 

MW21-2D 

30.2-34.9 

• 

0.2 

MW21-2D 

30.2-34.9 

1 

-0.8 

MW22-1 D 

57.9-62.9 

• 

0.2 

MW22-1D 

57.9-62.9 

1 

-0.8 

MW22-2I 

42.7-47.6 

« 

0.2 

MW22-2I 

42.7-47.6 

1 

-0.8 

MW22-3S 

6.6-16.5 

• 

0.2 

MW22-3S 

6.6-16.5 

1 

-0.8 

MW23-1D 

30.2-34.9 

* 

0.2 

MW23-1 D 

30.2-34.9 

1 

-0.8 

MW23-2S 

8.25-12.95 

0.2 

MW23-2S 

8.25-12.95 

1 

-0.8 

MW24-1D 

87-91 .7 

« 

0.2 

MW24-1 D 

87-91 .7 

1 

-0.8 

MW24-2S 

1 1 .9-21 .6 

« 

0.2 

MW24-2S 

1 1 .9-21 .6 

1 

-0.8 

MW25-1D 

55-60 

• 

0.2 

MW25-1D 

55-60 

1 

-0.8 

MW25-2I 

33-38 

• 

0.2 

MW25-2I 

33-38 

2 

-1 .8 

MW25-3S 

11-21 

« 

0.2 

MW25-3S 

11-21 

1 

-0.8 

MW26-2I 

36.5-41.3 

« 

0.2 

MW26-2I 

36.5-41 .3 

1 

-0.8 

MW26-3S 

10-20 

« 

0.2 

MW26-3S 

10-20 

10 

-9.8 

MW27-2D 

19-21 

5.6 

MW27-4S 

17.2-26.9 

5 

0.6 

MW27-2D 

94-96 

0.2 

MW27-2D 

93.3-98.2 

1 

-0.8 

MW28-2D 

72.7-77.4 

« 

0.2 

MW28-2D 

72.7-77.4 

1 

-0.8 

MW28-4I 

28-33 

« 

0.2 

MW28-4I 

28-30 

1 

-0.8 

MW28-5S 

10-20 

• 

0.2 

MW28-5S 

10-20 

1 

-0.8 

MW29-1 D 

28-32.8 

« 

0.2 

MW29-1 D 

28-32.8 

1 

-0.8 

MW29-2S 

10.5-20.4 

« 

0.2 

MW29-2S 

10.5-20.4 

1 

-0.8 

MW30-1 1 

33-35 

0.2 

MW30-1I 

30.2-34.9 

1 

-0.8 

MW31-1D 

94.3-98.95 

« 

0.2 

MW31-1D 

94.25-98.95 

1 

-0.8 

MW31  -21 

53.9-58.6 

« 

0.2 

MW31-2I 

53.9-58.6 

1 

-0.8 
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MW31-3S 

12.9-22.6 

« 

0.25 

MW31  -3S 

12.9-22.6 

1 

0.75 

MW33-1D 

29.7-39.6 

• 

0.2 

MW33-1 D 

29.7-39.6 

1 

-0.8 

MW33-2S 

10-19.9 

« 

0.2 

MW33-2S 

10-19.9 

1 

-0.8 

MW34-1 D 

11-13 

0.2 

MW34-2S 

8.5-18.4 

1 

-0.8 

MW34-1 D 

35.75-45.6 

« 

0.2 

MW34-1 D 

35.75-45.65 

1 

-0.8 

MW35-1 D 

35.8-45.7 

« 

0.25 

MW35-1 D 

35.8-45.7 

1 

-0.75 

MW35-2S 

23-27.9 

« 

0.2 

MW35-2S 

23-27.9 

1 

-0.8 

MW36-1D 

12-15 

0.2 

MW36-3S 

7.7-17.6 

1 

-0.8 

MW37-1 D 

11-14 

0.2 

MW37-3S 

7.3-17.2 

1 

-0.8 

MW37-1 D 

53-55 

0.2 

MW37-2I 

44.8-54.75 

1 

-0.8 

MW39-1 D 

1 23-1 25 

0.2 

MW39-1 D 

119.6-1 29.5 

1 

-0.8 

PZ06 

13-16 

0.2 

PZ06 

11.8-21.8 

1 

-0.8 

PZ14 

11-13 

0.2 

PZ14 

7-17 

1 

-0.8 

PZ15 

12.1-20 

0.2 

PZ15 

12.1-22 

1 

-0.8 

PZ32 

9.1-19 

* 

0.2 

PZ32 

9.1-19 

1 

-0.8 

04-51 7-M 

5-15 

« 

0.2 

04-51 7-M 

5-15 

1 

-0.8 

14-552-M 

8.1-18.1 

« 

0.2 

14-552-M 

8.1-18.1 

1 

-0.8 

14-553-M 

8-18 

« 

0.2 

14-553-M 

8.3-18.3 

1 

-0.8 

14-554-M 

6-16 

• 

0.2 

14-554-M 

5.9-15.9 

1 

-0.8 

14-626-M 

65-75 

* 

0.2 

14-626-M 

65.2-75.2 

1 

-0.8 

583-M 

13-23 

* 

0.7 

583-M 

13-23 

1 

-0.3 

584-M 

1 5.8-25.8 

« 

0.2 

584-M 

1 5.8-25.8 

1 

-0.8 

GR-333 

25-35 

ft 

0.34 

GR-333 

25.1-35.1 

1 

-0.66 

GR-334 

150 

ft 

0.2 

GR-334 

145-1 55 

1 

-0.8 
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ANALYTICAL  RESULTS  FOR  BENZENE  IN  SOILS 
(Results  are  in  micrograms  per  kilogram) 


On-Site  ID 

Depth 

(feet) 

MW01-1S 

15 

MW02-1D 

75-76 

MW04-1S 

25 

MW09-1 D 

15 

MW09-3I 

74-75 

MW10-1D 

5 

MW13-1I 

6.8-7.2 

MW13-1I 

15 

MW16-1D 

8 

MW20-1 D 

10 

MW20-1D 

20 

MW21  -1 D 

0 

MW21-1D 

10 

MW23-1 D 

32 

MW24-1 D 

87 

MW25-2I 

15 

MW27-2D 

20 

MW27.2D 

30 

MW27-3I 

46 

MW31-1D 

95-96 

MW36-1D 

15 

MW38-1I 

10 

MW38-1I 

43 

PZ03 

10 

PZ12 

0 

PZ14 

10 

SB04 

10 

SB07 

10 

SB07 

15 

SB10 

10 

sen 

5 

SB13 

17 

SB17 

15 

SB20 

10 

SB21 

5 

SB21 

15 

SB22 

0 

SB22 

15 

SB22 

20 

SB23 

0 

SB23 

5 

SB27 

0 

SB30 

0 

SB30 

5 

SB30 

10 

SB31 

10 

SB34 

15 

SB35 

30 

Value 

Off-Site  ID 

Depth 

Value 

Analytical 

(feet) 

Difference 

1 

MW01-1S-SS02 

16-17 

11 

-10 

1 

MW02-1 D-SS03 

75-76 

11 

-10 

1 

MW04-1S-SS03 

25-30 

10 

-9 

1 

MW09-1 D-SS02 

12-14 

11 

-10 

1 

MW09-3I-SS01 

74-75 

11 

-10 

1 

MW10-1D-SS02 

7-8 

11 

-10 

1 

MW13-1 1-SS02 

7 

10 

-9 

1 

MW13-1 1-SS03 

13-14 

2 

-1 

1 

MW16-1D-SS02 

7-8 

11 

-10 

4800 

MW20-1 D-SS03 

10-12 

27000 

-22200 

960 

MW20-1 D-SS04 

19-20 

27000 

-26040 

61 

MW21-1 D-SS01 

0-1 

20 

41 

18000 

MW21-1 D-SS02 

10-11 

12000 

6000 

1 

MW23-1 D-SS03 

31-32 

11 

-10 

1 

MW24-1 D-SS02 

87-88 

2 

-1 

15 

MW25-2I-SS01 

14-15 

57 

-42 

1 

MW27-2D-SS02 

19-20 

11 

-10 

1 

MW27-2D-SS03 

27-28 

11 

-10 

1 

MW27-3I-SS01 

45-46 

11 

-10 

1 

MW31-1D-SS03 

95-96 

11 

-10 

1 

MW36-1 D-SS02 

12-14 

11 

-10 

1 

MW38-1I-SS02 

11-13 

11 

-10 

1 

MW38-1I-SS03 

41-43 

11 

-10 

3.1 

PZ03-SS02 

9-10 

10 

-6.9 

1 

PZ12-SS01 

0-1 

12 

-11 

1 

PZ14-SS03 

10-12 

11 

-10 

1 

S804-SS03 

13-14 

11 

-10 

1 

SB07-SS02 

8-10 

10 

-9 

1 

SB07-SS03 

10-12 

11 

-10 

1 

SB10-SS02 

8-10 

11 

-10 

1 

SB11-SS02 

5-6 

10 

-9 

1 

SB13-SS03 

16-17 

11 

-10 

1 

SB17-SS03 

13-15 

11 

-10 

1 

SB20-SS03 

10-12 

11 

-10 

1 

SB21-SS02 

5-7 

11 

-10 

1 

SB21-SS03 

13-15 

11 

-10 

1 

SB22-SS01 

0-1 

12 

-11 

10.6 

SB22-SS02 

12-13 

10 

0.6 

1.1 

SB22-SS03 

20-22 

11 

-9.9 

1 

SB23-SS01 

0-1 

4 

-3 

1.2 

SB23-SS02 

4-5 

2 

■0.8 

1 

SB27-SS01 

0-1 

11 

-10 

20 

SB30-SS01 

0-3 

6 

14 

750 

SB30-SS02 

4-5 

860 

-110 

3400 

SB30-SS03 

8-10 

12(X)0 

-8600 

29 

SB31-SS03 

8-10 

16 

13 

1 

SB34-SS01 

14-15 

11 

-10 

1 

SB35-SS01 

30-32 

11 

-10 
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SB37 

10 

1.1 

SB37-SS02 

7-8 

11 

-9.9 

SB44 

21 

1 

SB44-SS03 

21-22 

11 

-10 

SB45 

38 

1 

SB45-SS01 

37-38 

11 

-10 

SB46 

15 

1 

SB46-SS01 

14-15 

11 

-10 

SB47 

45 

1 

SB47-SS01 

44-45 

11 

-10 

SB48 

14 

1 

SB48-SS01 

14-15 

12 

-11 

SB49 

45 

1 

SB49-SS01 

44-45 

11 

-10 

SB50 

40 

1 

SB50-SS02 

40-42 

11 

-10 

SB51 

54 

1 

SB51-SS01 

53-54 

12 

-11 

SB52 

30 

1 

SB52-SS01 

30-32 

11 

-10 

SB53 

30 

1 

SB53-SS01 

30-32 

11 

-10 

SB54 

30 

1 

SB54-SS01 

30-31 

11 

-10 

SB55 

30 

1 

SB55-SS01 

30-31 

11 

-10 

SB5B 

30 

1 

SB58-SS01 

30-32 

11 

-10 

SB60 

35 

1 

SB60-SS02 

37-38 

11 

-10 

SB61 

15 

1 

SB61 -SS02 

14-15 

11 

-10 

SB61 

30 

1 

SB61 -SS03 

30-31 

11 

-10 

SB64 

15 

2 

SB64-SS02 

12-14 

11 

-9 

SB65 

50 

1 

SB65-SS01 

48-50 

11 

-10 

SB66 

25 

1 

SB66-SS02 

23-25 

11 

-10 

SB66 

35 

1 

SB66-SS03 

35-37 

11 

-10 

SB67 

45 

1 

SB67-SS01 

43-45 

ND 

#VALUE! 

SB69 

10 

1 

SB69-SS02 

8-10 

ND 

#VALUE! 

SB71 

45 

1 

SB71-SS01 

46-48 

ND 

#VALUE! 

SB73 

45 

1 

SB73-SS02 

45-47 

ND 

#VALUE! 

SB73 

55 

1 

SB73-SS03 

55-57 

ND 

#VALUE! 

SB74 

48 

1 

SB74-SS01 

46-48 

11 

-10 

SB76 

80 

1 

S876-SS04 

80-82 

11 

-10 

SB76 

100 

1 

SB76-SS05 

100-102 

11 

-70 

SB77 

60 

1 

SB77-SS01 

58-60 

11 

-10 
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ANALYTICAL  RESULTS  FOR  TOLUENE  IN  SOILS 
(Results  are  in  micrograms  per  kilogram) 


On-Site  ID 

Depth 

(feet) 

Value 

Off-Site  ID 

Depth 

(feet) 

Value 

Analytical 

Difference 

MW01  -IS 

15 

1.8 

MW01 -1S-SS02 

16-17 

2 

■0.2 

MW02-ID 

75-76 

1 

MW02-1 D-SS03 

75-76 

11 

-10 

MW04-1S 

25 

1 

MW04-1S-SS03 

25-30 

10 

-9 

MVV09-1 D 

15 

1 

MW09-1 D-SS02 

12-14 

11 

-10 

MW09-3I 

74-75 

1 

MW09-3I-SS01 

74-75 

2 

-1 

MW10-1D 

5 

1.9 

MW10-1D-SS02 

7-8 

11 

-9.1 

MW1 3-1 1 

6.8-7.2 

1 

MW1 3-1 1-SS02 

7 

2 

-1 

MW1 3-1 1 

15 

1 

r(/IW13-1l-SS03 

13-14 

4 

-3 

MW1 6-1 D 

8 

1 

MW16-1 D-SS02 

7-8 

2 

-1 

MW20-1D 

10 

2400 

MW20-1D-SS03 

10-12 

27000 

-24600 

MW20-1 D 

20 

510 

MW20-1D-SS04 

19-20 

27000 

-26490 

MW21-1D 

0 

9.5 

MW21-1 D-SS01 

0-1 

34 

-24.5 

MW21-1D 

10 

15000 

MW21-1D-SS02 

10-11 

99000 

-84000 

MW23-1 D 

32 

1 

MW23'1  D-SS03 

31-32 

11 

-10 

MW24-1 D 

87 

1 

MW24-1D-SS02 

87-88 

7 

-6 

MW25-2I 

15 

21 

MW25-2I-SS01 

14-15 

9 

12 

MW27-2D 

20 

1.4 

MW27-2D-SS02 

19-20 

11 

-9.6 

MW27-2D 

30 

1 

MW27-2D-SS03 

27-28 

11 

-10 

MW27-3I 

46 

1 

MW27-3I-SS01 

45-46 

11 

-10 

MW31-1D 

95-96 

1 

MW31-1 D-SS03 

95-96 

2 

-1 

MW36-1 D 

15 

1.1 

MW36-1D-SS02 

12-14 

2 

-0.9 

MW38-1 1 

10 

2.6 

MW38'1 1-SS02 

11-13 

11 

-8.4 

MW38-1I 

43 

1 

MW38-1I-SS03 

41-43 

2 

-1 

PZ03 

10 

7.1 

PZ03-SS02 

9-10 

7 

0.1 

PZ12 

0 

1 

PZ1 2-SS01 

0-1 

12 

-11 

PZ14 

10 

1.8 

PZ14-SS03 

10-12 

11 

-9.2 

SB04 

10 

3.3 

SB04-SS03 

13-14 

11 

-7.7 

SB07 

10 

2.4 

SB07-SS02 

8-10 

2 

0.4 

SB07 

15 

1 

SB07-SS03 

10-12 

11 

-10 

SB10 

10 

2.2 

SB10-SS02 

8-10 

2 

0.2 

SB11 

5 

1.7 

SB11-SS02 

5-6 

2 

-0.3 

SB13 

17 

1.1 

SB13-SS03 

16-17 

11 

-9.9 

SB17 

15 

1 

S817-SS03 

13-15 

11 

-10 

SB20 

10 

1 

SB20-SS03 

10-12 

3 

-2 

SB21 

5 

2 

SB21-SS02 

5-7 

3 

-1 

SB21 

15 

1 

SB21-SS03 

13-15 

2 

-1 

SB22 

0 

1 

SB22-SS01 

0-1 

8 

-7 

SB22 

15 

8.3 

SB22-SS02 

12-13 

10 

-1.7 

SB22 

20 

2.2 

SB22-SS03 

20-22 

11 

-8.8 

SB23 

0 

1 

SB23-SS01 

0-1 

18 

-17 

SB23 

5 

1 

SB23-SS02 

4-5 

5 

-4 

SB27 

0 

1 

SB27-SS01 

0-1 

11 

-10 

SB30 

0 

1 

SB30-SS01 

0-3 

11 

-10 

SB30 

5 

360 

SB30-SS02 

4-5 

1500 

-1140 

SB30 

10 

2800 

SB30-SS03 

8-10 

30000 

-27200 

SB31 

10 

35 

SB31-SS03 

8-10 

56 

-21 

SB34 

15 

1 

SB34-SS01 

14-15 

11 

-10 

SB35 

30 

1 

SB35-SS01 

30-32 

11 

-10 
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SB37 

10 

2.2 

SB37-SS02 

7-8 

11 

-8.8 

SB44 

21 

1.2 

SB44-SS03 

21-22 

11 

-9.8 

SB45 

38 

1 

SB45-SS01 

37-38 

11 

-10 

SB46 

15 

1 

SB46-SS01 

14-15 

11 

-10 

SB47 

45 

1 

SB47-SS01 

44-45 

11 

-10 

SB48 

14 

1 

SB48-SS01 

14-15 

12 

-11 

SB49 

45 

1 

SB49-SS01 

44-45 

11 

-10 

SB50 

40 

1 

SB50-SS02 

40-42 

2 

-1 

SB51 

54 

1 

SB51-SS01 

53-54 

12 

-11 

SB52 

30 

1 

SB52-SS01 

30-32 

11 

-10 

SB53 

30 

1 

SB53-SS01 

30-32 

11 

-10 

SB54 

30 

1 

SB54-SS01 

30-31 

2 

-1 

SB55 

30 

1 

SB55-SS01 

30-31 

2 

-1 

SB58 

30 

1 

SB58-SS01 

30-32 

11 

-10 

SB60 

35 

1 

SB60-SS02 

37-38 

11 

-10 

SB61 

15 

1 

SB61-SS02 

14-15 

1 

0 

SB61 

30 

1 

SB61-SS03 

30-31 

11 

-10 

SB64 

15 

2.4 

SB64-SS02 

12-14 

2 

0.4 

SB65 

50 

1 

SB65-SS01 

48-50 

11 

-10 

SB66 

25 

1.1 

SB66-SS02 

23-25 

2 

-0.9 

SB66 

35 

1 

SB66-SS03 

35-37 

3 

-2 

SB67 

45 

1 

SB67-SS01 

43-45 

ND 

#VALUE! 

SB69 

10 

1 

S869-SS02 

8-10 

ND 

#VALUE! 

SB71 

45 

2.5 

SB71 -SS01 

46-48 

ND 

#VALUE! 

SB73 

45 

1 

SB73-SS02 

45-47 

ND 

#VALUE! 

SB73 

55 

1 

SB73-SS03 

55-57 

ND 

#VALUE! 

SB74 

48 

1.3 

SB74-SS01 

46-48 

11 

-9.7 

SB76 

80 

1 

SB76-SS04 

80-82 

2 

-1 

SB76 

100 

1 

SB76-SS05 

100-102 

11 

-10 

SB77 

60 

1 

SB77-SS01 

58-60 

3 

-2 

204 


ANALYTICAL  RESULTS  FOR  ETHYLBENZENE  IN  SOILS 
(Results  are  in  micrograms  per  kilogram) 


On-Site  ID 

Depth 

(feet) 

Value 

Off-Site  ID 

Depth 

(feet) 

Value 

Analytical 

Difference 

MW01-1S 

15 

1 

MW01-1S-SS02 

16-17 

11 

-10 

MW02-1 D 

75-76 

1 

MW02-1D-SS03 

75-76 

2 

-1 

MW04-1S 

25 

1 

MW04-1S-SS03 

25-30 

2 

-1 

MW09-1 D 

15 

1 

MW09-1 D-SS02 

12-14 

11 

-10 

MW09-3I 

74-75 

1 

MW09-3I-SS01 

74-75 

11 

-10 

MW10-1D 

5 

1 

MW10-1D-SS02 

7-8 

11 

-10 

MW1 3-1 1 

6.8-7.2 

1 

MW13-1I-SS02 

7 

10 

-9 

MW1 3-1 1 

15 

1 

MW1 3-1 1-SS03 

13-14 

11 

-10 

MW1 6-1 D 

8 

1 

MW16-1 D-SS02 

7-8 

11 

-10 

MW20-1 D 

10 

18000 

MW20-1 D-SS03 

10-12 

21000 

-3000 

MW20-1 D 

20 

2400 

MW20-1 D-SS04 

19-20 

32000 

-29600 

MW21-1D 

0 

74 

MW21-1D-SS01 

0-1 

6 

68 

MW21-1D 

10 

4000 

MW21-1D-SS02 

10-11 

69000 

-65000 

MW23-1 D 

32 

1 

MW23-1D-SS03 

31-32 

11 

-10 

MW24-1 D 

87 

1 

MW24-1 D-SS02 

87-88 

11 

-10 

MW25-2I 

15 

1 

MW25-2I-SS01 

14-15 

57 

-56 

MW27-2D 

20 

1 

MW27-2D-SS02 

19-20 

11 

-10 

MW27-2D 

30 

1 

MW27-2D-SS03 

27-28 

11 

-10 

MW27-3I 

46 

1 

MW27-3I-SS01 

45-46 

11 

-10 

MW31-10 

95-96 

1 

MW31-1D-SS03 

95-96 

11 

-10 

MW36-1 D 

15 

1 

MW36-1 D-SS02 

12-14 

11 

-10 

MW38-1 1 

10 

1 

MW38-1 1-SS02 

11-13 

11 

-10 

MW38-1 1 

43 

1 

MW38-1I-SS03 

41-43 

11 

-10 

PZ03 

10 

4.2 

PZ03-SS02 

9-10 

3 

1.2 

PZ12 

0 

1 

PZ12-SS01 

0-1 

12 

-11 

PZ14 

10 

1 

PZ14-SS03 

10-12 

11 

-10 

SB04 

10 

2.5 

SB04-SS03 

13-14 

11 

-8.5 

SB07 

10 

1.9 

SB07-SS02 

8-10 

10 

-8.1 

SB07 

15 

1 

SB07-SS03 

10-12 

11 

-10 

SB10 

10 

1 

SB10-SS02 

8-10 

11 

-10 

SB11 

5 

1.3 

SB11-SS02 

5-6 

10 

-8.7 

SB13 

17 

1 

SB13-SS03 

16-17 

11 

-10 

SB17 

15 

1 

SB17-SS03 

13-15 

11 

-10 

SB20 

10 

1 

SB20-SS03 

10-12 

11 

-10 

SB21 

5 

1 

SB21-SS02 

5-7 

11 

-10 

SB21 

15 

1 

SB21-SS03 

13-15 

11 

-10 

SB22 

0 

3.6 

SB22-SS01 

0-1 

12 

-8.4 

SB22 

15 

1 

S822-SS02 

12-13 

10 

-9 

SB22 

20 

1 

SB22-SS03 

20-22 

11 

-10 

SB23 

0 

1 

SB23-SS01 

0-1 

12 

-11 

SB23 

5 

1 

SB23-SS02 

4-5 

11 

-10 

SB27 

0 

5.7 

SB27-SS01 

0-1 

11 

-5.3 

SB30 

0 

6.2 

SB30-SS01 

0-3 

3 

3.2 

SB30 

5 

590 

SB30-SS02 

4-5 

1600 

-1010 

SB30 

10 

950 

SB30-SS03 

8-10 

42000 

-41050 

SB31 

10 

42 

SB31-SS03 

8-10 

56 

-14 

SB34 

15 

1 

SB34-SS01 

14-15 

11 

-10 

SB35 

30 

1 

SB35-SS01 

30-32 

11 

-10 
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SB37 

10 

1 

SB37-SS02 

7-8 

11 

-10 

SB44 

21 

1 

SB44-SS03 

21-22 

11 

-10 

SB45 

38 

1 

SB45-SS01 

37-38 

11 

-10 

SB46 

15 

1 

SB46-SS01 

14-15 

11 

-10 

SB47 

45 

1 

SB47-SS01 

44-45 

11 

-10 

SB48 

14 

1 

SB48-SS01 

14-15 

12 

-11 

SB49 

45 

1 

SB49-SS01 

44-45 

11 

-10 

SB50 

40 

1 

SB50-SS02 

40-42 

11 

-10 

SB51 

54 

1 

SB51-SS01 

53-54 

12 

-11 

SB52 

30 

1 

S852-SS01 

30-32 

11 

-10 

SB53 

30 

1 

SB53-SS01 

30-32 

11 

-10 

SB54 

30 

1 

SB54-SS01 

30-31 

11 

-10 

SB55 

30 

1 

SB55-SS01 

30-31 

11 

-10 

SB58 

30 

1 

SB58-SS01 

30-32 

11 

-10 

SB60 

35 

1 

SB60-SS02 

37-38 

11 

-10 

SB61 

15 

1 

SB61-SS02 

14-15 

11 

-10 

SB61 

30 

1 

SB61-SS03 

30-31 

11 

-10 

SB64 

15 

1 

SB64-SS02 

12-14 

11 

-10 

SB65 

50 

1 

SB65-SS01 

48-50 

11 

-10 

SB66 

25 

1 

SB66-SS02 

23-25 

11 

-10 

SB66 

35 

1 

SB66-SS03 

35-37 

11 

-10 

SB67 

45 

1 

SB67-SS01 

43-45 

ND 

#VALUE! 

SB69 

10 

1 

SB69-SS02 

8-10 

ND 

LVALUE! 

SB71 

45 

1 

SB71-SS01 

46-48 

ND 

#VALUE! 

SB73 

45 

1 

SB73-SS02 

45-47 

ND 

#VALUE! 

SB73 

55 

1 

SB73-SS03 

55-57 

ND 

#VALUE! 

SB74 

48 

1 

SB74-SS01 

46-48 

11 

-10 

SB76 

80 

1 

SB76-SS04 

80-82 

11 

-10 

SB76 

100 

1 

SB76-SS05 

100-102 

11 

-10 

SB77 

60 

1 

SB77-SS01 

58-60 

11 

-10 
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ANALYTICAL  RESULTS  FOR  XYLENES  IN  SOILS 
(Results  are  in  microgranns  per  kilogram) 


On-Site  ID 

Depth 

(feet) 

Value 

Off-Site  ID 

Depth 

(feet) 

Value 

Analytical 

Difference 

MW01  -1 S 

15 

1.2 

MW01-1S-SS02 

16-17 

2 

-0.8 

MW02-1 D 

75-76 

1 

MW02-1 D-SS03 

75-76 

11 

-10 

MW04-1 S 

25 

1 

MW04-1S-SS03 

25-30 

2 

-1 

MW09-1 D 

15 

1 

MW09-1 D-SS02 

12-14 

2 

-1 

MW09-3I 

74-75 

1 

MW09-3I-SS01 

74-75 

11 

-10 

MW10-1D 

5 

1 

MW10-1 D-SS02 

7-8 

2 

-1 

MW13-1I 

6.8-7.2 

1 

MW1 3-1 1-SS02 

7 

2 

-1 

MW13-1I 

15 

1 

MW1 3-1 1-SS03 

13-14 

11 

-10 

MW16-1D 

8 

1 

MW16-1 D-SS02 

7-8 

3 

-2 

MW20-1 D 

10 

6100 

MW20-1 D-SS03 

10-12 

12000 

-5900 

MW20-1 D 

20 

980 

MW20-1 D-SS04 

19-20 

19000 

-1 8020 

MW21-1D 

0 

21 

MW21-1 D-SS01 

0-1 

23 

-2 

MW21-1D 

10 

15000 

MW21-1D-SS02 

10-11 

230000 

-215000 

MW23-1 D 

32 

1 

MW23-1 D-SS03 

31-32 

2 

-1 

MW24-1 D 

87 

1 

MW24-1 D-SS02 

87-88 

2 

-1 

MW25-2I 

15 

16 

MW25-2I-SS01 

14-15 

57 

-41 

MW27-2D 

20 

1 

MW27-2D-SS02 

19-20 

11 

-10 

MW27-2D 

30 

1 

MW27-2D-SS03 

27-28 

3 

-2 

MW27-3I 

46 

1 

MW27-3I-SS01 

45-46 

11 

-10 

MW31-1D 

95-96 

1 

MW31-1D-SS03 

95-96 

11 

-10 

MW36-1 D 

15 

1 

MW36-1D-SS02 

12-14 

11 

-10 

MW38-1 1 

10 

1 

MW38-1 1-SS02 

11-13 

11 

-10 

MW38-1 1 

43 

1 

MW38-1 1-SS03 

41-43 

11 

-10 

PZ03 

10 

6.8 

PZ03-SS02 

9-10 

8 

-1.2 

PZ12 

0 

1 

PZI 2-SS01 

0-1 

2 

-1 

PZ14 

10 

1 

PZ14-SS03 

10-12 

2 

-1 

SB04 

10 

6.5 

SB04-SS03 

13-14 

2 

4.5 

SB07 

10 

4.1 

SB07-SS02 

8-10 

10 

-5.9 

SB07 

15 

1 

SB07-SS03 

10-12 

2 

-1 

SB10 

10 

1.7 

SB10-SS02 

8-10 

3 

-1 .3 

SB11 

5 

2.2 

SB11-SS02 

5-6 

3 

-0.8 

SB13 

17 

1 

SB13-SS03 

16-17 

2 

-1 

SB17 

15 

1 

SB17-SS03 

13-15 

2 

-1 

SB20 

10 

1 

SB20-SS03 

10-12 

2 

-1 

SB21 

5 

1 

SB21-SS02 

5-7 

11 

-10 

SB21 

15 

1.4 

SB21-SS03 

13-15 

11 

-9.6 

SB22 

0 

1 

SB22-SS01 

0-1 

9 

-8 

SB22 

15 

1 

SB22-SS02 

12-13 

10 

-0 

SB22 

20 

1 

SB22-SS03 

20-22 

11 

-10 

SB23 

0 

1 

SB23-SS01 

0-1 

11 

-10 

SB23 

5 

1 

SB23-SS02 

4-5 

2 

-1 

SB27 

0 

16.2 

SB27-SS01 

0-1 

2 

14.2 

SB30 

0 

3.9 

SB30-SS01 

0-3 

4 

-0.1 

SB30 

5 

660 

SB30-SS02 

4-5 

2700 

-2040 

SB30 

10 

2500 

S830-SS03 

8-10 

130000 

-127500 

SB31 

10 

31 

SB31-SS03 

8-10 

56 

-25 

SB34 

15 

1 

SB34-SS01 

14-15 

11 

-10 

SB35 

30 

1 

SB35-SS01 

30-32 

11 

-10 
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SB37 

10 

1 

SB37-SS02 

7-8 

2 

-1 

SB44 

21 

1 

SB44-SS03 

21-22 

11 

-10 

SB45 

38 

1 

SB45-SS01 

37-38 

11 

-10 

SB46 

15 

1 

SB46-SS01 

14-15 

11 

-10 

SB47 

45 

1 

SB47-r.S01 

44-45 

11 

-10 

SB48 

14 

1 

SB48-SS01 

14-15 

12 

-11 

SB49 

45 

1 

SB49-SS01 

44-45 

11 

-10 

SB50 

40 

1 

SB50-SS02 

40-42 

11 

-10 

SB51 

54 

1 

SB51 -SS01 

53-54 

12 

-11 

SB52 

30 

1 

SB52-SS01 

30-32 

11 

-10 

SB53 

30 

1 

SB53-SS01 

30-32 

11 

-10 

SB54 

30 

1 

SB54-SS01 

30-31 

11 

-10 

SB55 

30 

1 

SB55-SS01 

30-31 

11 

-10 

SB58 

30 

1 

SB58-SS01 

30-32 

11 

-10 

SB60 

35 

1 

SB60-SS02 

37-38 

11 

-10 

SB61 

15 

1 

SB61-SS02 

14-15 

11 

-10 

SB61 

30 

1 

SB61-SS03 

30-31 

11 

-10 

SB64 

15 

1 

SB64-SS02 

12-14 

5 

-4 

SB65 

50 

1 

SB65-SS01 

48-50 

7 

6 

SB66 

25 

1 

SB66-SS02 

23-25 

11 

-10 

SB66 

35 

1 

SB66-SS03 

35-37 

11 

-10 

SB67 

45 

1 

3B67-SS01 

43-45 

ND 

#VALUE! 

SB69 

10 

1 

SB69-SS02 

8-10 

ND 

fVALUE! 

SB71 

45 

1 

SB71-SS01 

46-48 

ND 

#VALUE! 

SB73 

45 

1 

S873-SS02 

45-47 

ND 

#VALUE! 

SB73 

55 

1 

SB73-SS03 

55-57 

ND 

#VALUE! 

SB74 

48 

1 

SB74-SS01 

46-48 

11 

-10 

SB76 

80 

1 

SB76-SS04 

80-82 

11 

-10 

SB7« 

100 

1 

SB76-SS05 

100-102 

11 

-10 

SE77 

60 

1 

SB77-SS01 

58-60 

11 

-10 
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ANALYTICAL  RESULTS  FOR  CHLOROFORM  IN  SOILS 
(Results  are  in  micrograms  per  kilogram) 


On-Site  ID 

Depth 

(feet) 

Value 

Off-Site  ID 

Depth 

(feet) 

Value 

Analytical 

Difference 

MW01-1S 

15 

0.5 

MW01-1S-SS02 

16-17 

11 

-10.5 

MVV02-1 D 

75-76 

0.5 

MW02-1 D-SS03 

75-76 

11 

-10.5 

MW04-1S 

25 

0.5 

MW04-1S-SS03 

25-30 

10 

-9.5 

MW09-10 

15 

0.5 

MW09-1 D-SS02 

12-14 

11 

-10.5 

MW09-3I 

74-75 

0.5 

MW09'3I-SS01 

74-75 

11 

-10.5 

MW10-1D 

5 

0.5 

MW10-1D-SS02 

7-8 

11 

-10.5 

MW13-1I 

6.8-7.2 

0.5 

MW13-1 1-SS02 

7 

10 

-9.5 

MW13-1I 

15 

0.5 

MW13-1 1-SS03 

13-14 

11 

-10.5 

MW16-7D 

8 

0.5 

MW16-1 D-SS02 

7-8 

11 

-10.5 

MW20-1 D 

10 

0.5 

MW20-1D-SS03 

10-12 

27000 

-26999.5 

MW20-1D 

20 

0.5 

MW20-1 D-SS04 

19-20 

27000 

-26999.5 

MW21-1D 

0 

0.5 

MW21-1D-SS01 

0-1 

11 

-10.5 

MW21-1D 

10 

0.5 

MW21-1D-SS02 

10-11 

26000 

-25999.5 

MW23-1 0 

32 

0.5 

MW23-1D-SS03 

31-32 

11 

-10.5 

MW24-1D 

87 

0.5 

MW24-1 D-SS02 

87-88 

11 

-10.5 

MW25-2I 

15 

0.5 

MW25-2I-SS01 

14-15 

57 

-56.5 

MW27-2D 

20 

0.5 

MW27-2D-SS02 

19-20 

11 

-10.5 

MW27-2D 

30 

0.5 

MW27-2D-SS03 

27-28 

11 

-10.5 

MW27-3I 

46 

0.5 

MW27-3I-SS01 

45-46 

11 

-10.5 

MW31-1D 

95-96 

0.5 

MW31-1 D-SS03 

95-96 

11 

-10.5 

MW36-1 D 

15 

0.5 

MW36'1D-SS02 

12-14 

11 

-10.5 

MW38-1I 

10 

0.5 

MW38-1I-SS02 

11-13 

11 

-10.5 

MW38-1I 

43 

0.5 

MW38'1 1-SS03 

41-43 

11 

-10.5 

PZ03 

10 

0.5 

PZ03-SS02 

9-10 

10 

-9.5 

PZ12 

0 

0.5 

PZ12-SS01 

0-1 

12 

-11.5 

PZ14 

10 

0.5 

PZ14-SS03 

10-12 

11 

-10.5 

SB04 

10 

0.5 

SB04-SS03 

13-14 

11 

-10.5 

SB07 

10 

0.55 

SB07-SS02 

8-10 

10 

-9.45 

SB07 

15 

0.5 

S607-SS03 

10-12 

11 

-10.5 

SB10 

10 

0.5 

SB10-SS02 

8-10 

11 

-10.5 

SB11 

5 

0.5 

SB11-SS02 

5-6 

10 

-9.5 

SB13 

17 

0.5 

SB13-SS03 

16-17 

11 

-10.5 

SB!  7 

15 

0.5 

SB17-SS03 

13-15 

11 

-10.5 

SB20 

10 

0.5 

SB20-SS03 

10-12 

11 

-10.5 

SB21 

5 

0.5 

SB21-SS02 

5-7 

11 

-10.5 

SB21 

15 

0.5 

SB21-SS03 

13-15 

11 

-10.5 

SB22 

0 

0.5 

SB22-SS01 

0-1 

12 

-11.5 

SB22 

15 

0.5 

SB22-SS02 

12-13 

10 

-9.5 

SB22 

20 

0.5 

SB22-SS03 

20-22 

11 

-10.5 

SB23 

0 

0.5 

SB23-SS01 

0-1 

12 

-11.5 

SB23 

5 

0.5 

SB23-SS02 

4-5 

n 

-10.5 

SB27 

0 

1.4 

SB27-SS01 

0-1 

11 

-9.6 

SB30 

0 

0.5 

SB30-SS01 

0-3 

11 

-10.5 

SB30 

5 

0.5 

SB30-SS02 

4-5 

1500 

-1499.5 

SB30 

10 

0.5 

SB30-SS03 

8-10 

5400 

-5399.5 

SB31 

10 

0.5 

S631 -SS03 

8-10 

56 

-55.5 

SB34 

15 

0.5 

SB34-SS01 

14-15 

11 

-10.5 

SB35 

30 

0.5 

SB35-SS01 

30-32 

11 

-10.5 
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SB37 

10 

0.5 

SB37-SS02 

7-8 

11 

-10.5 

SB44 

21 

0.5 

SB44-SS03 

21-22 

11 

-10.5 

SB45 

38 

0.5 

SB45-SS01 

37-38 

11 

-10.5 

SB46 

15 

0.5 

SB46-SS01 

14-15 

11 

-10.5 

SB47 

45 

0.5 

SB47-SS01 

44-45 

11 

-10.5 

SB48 

14 

0.5 

SB48-SS01 

14-15 

12 

-11.5 

SB49 

45 

0.5 

SB49-SS01 

44-45 

11 

-10.5 

SB50 

40 

0.5 

SB50-SS02 

40-42 

11 

-10.5 

SB51 

54 

0.5 

SB51-SS01 

53-54 

12 

-11.5 

SB52 

30 

0.5 

SB52-SS01 

30-32 

11 

-10.5 

SB53 

30 

0.5 

SB53-SS01 

30-32 

11 

-10.5 

SB54 

30 

0.5 

SB54-SS01 

30-31 

11 

-10.5 

SB55 

30 

0.5 

SB55-SS01 

30-31 

11 

-10.5 

SB58 

30 

0.5 

SB58-SS01 

30-32 

11 

-10.5 

SB60 

35 

0.5 

SB60-SS02 

37-38 

11 

-10.5 

SB61 

15 

0.5 

SB61-SS02 

14-15 

11 

-10.5 

SB61 

30 

0.5 

SB61-SS03 

30-31 

11 

-10.5 

SB64 

15 

0.5 

SB64-SS02 

12-14 

11 

-10.5 

SB65 

50 

0.5 

SB65-SS01 

48-50 

11 

-10.5 

SB66 

25 

0.5 

SB66-SS02 

23-25 

11 

-10.5 

SB66 

35 

0.5 

SB66-SS03 

35-37 

11 

-10.5 

SB67 

45 

0.5 

SB67-SS01 

43-45 

11 

-10.5 

SB69 

10 

0.5 

SB69-SS02 

8-10 

11 

-10.5 

SB71 

45 

0.5 

SB71-SS01 

46-48 

11 

-10.5 

SB73 

45 

0.5 

SB73-SS02 

45-47 

11 

-10.5 

SB73 

55 

0.5 

SB73-SS03 

55-57 

11 

-10.5 

SB74 

48 

0.5 

SB74-SS01 

46^8 

11 

-10.5 

SB76 

80 

0.5 

SB76-SS04 

80-82 

11 

-10.5 

SB76 

100 

0.5 

SB76-SS05 

100-102 

11 

-10.5 

SB77 

60 

0.5 

SB77-SS01 

58-60 

11 

-10.5 
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ANALYTICAL  RESULTS  FOR  1 ,1 ,1-TCA  IN  SOILS 
(Results  are  in  micrograms  per  kilogram) 


On-Site  ID 

Depth 

Value 

Off-Site  ID 

Depth 

Value 

Analytical 

(feet) 

(feet) 

Difference 

MW01  -1 S 

15 

0.5 

MW01-1S-SS02 

16-17 

11 

-10.5 

MW02-1D 

75-76 

0.5 

MW02-1D-SS03 

75-76 

11 

-10.5 

MW04-1S 

25 

0.5 

MW04-1S-SS03 

25-30 

10 

-9.5 

MW09-1 D 

15 

0.5 

MW09-1 D-SS02 

12-14 

11 

-10.5 

MW09-3I 

74-75 

0.5 

MW09-3t-SS01 

74-75 

11 

-10.5 

MW10-1D 

5 

0.5 

MW10-1D-SS02 

7-8 

11 

-10.5 

MW1 3-1 1 

6.8-7.2 

0.5 

MW13-1 1-SS02 

7 

10 

-9.5 

MW13-1I 

15 

0.5 

MW13-1 1-SS03 

13-14 

11 

-10.5 

MW16-1D 

8 

0.5 

MW16-1 D-SS02 

7-8 

11 

-10.5 

MW20-1D 

10 

0.5 

MW20-1 D-SS03 

10-12 

27000 

-26999.5 

MW20-1 D 

20 

0.5 

MW20-1 D-SS04 

19-20 

27000 

-26999.5 

MW21-1D 

0 

0.5 

MW21-1 D-SS01 

0-1 

11 

-10.5 

MW21  -1 D 

10 

0.5 

MW21-1 D-SS02 

10-11 

26000 

-25999.5 

MW23-1D 

32 

0.5 

MW23-1D-SS03 

31-32 

11 

-10.5 

MW24-1 D 

87 

0.5 

MW24-1 D-SS02 

87-88 

11 

-10.5 

MW25-2I 

15 

0.5 

MW25-2I-SS01 

14-15 

57 

-56.5 

MW27-2D 

20 

0.5 

MW27-2D-SS02 

19-20 

11 

-10.5 

MW27-2D 

30 

0.5 

MW27-2D-SS03 

27-28 

11 

-10.5 

MW27-3I 

46 

0.5 

MW27-3I-SS01 

45-46 

11 

-10.5 

MW31-1D 

95-96 

0.5 

MW31-1D-SS03 

95-96 

11 

-10.5 

MW36-1D 

15 

0.5 

MW36-1D-SS02 

12-14 

11 

-10.5 

MW38-1I 

10 

0.5 

MW38-1I-SS02 

11-13 

11 

-10.5 

MW38-1 1 

43 

0.7 

MW38-1I-SS03 

41-43 

11 

-10.3 

PZ03 

10 

0.5 

P203-SS02 

9-10 

10 

-9.5 

PZ12 

0 

0.5 

P212-SS01 

0-1 

12 

-11.5 

PZ14 

10 

0.5 

P214-SS03 

10-12 

11 

-10.5 

SB04 

10 

0.5 

SB04-SS03 

13-14 

11 

-10.5 

SB07 

10 

0.5 

SB07-SS02 

8-10 

10 

-9.5 

SB07 

15 

0.5 

SB07-SS03 

10-12 

11 

-10.5 

SB10 

10 

0.57 

SB10-SS02 

8-10 

11 

-10.43 

SB11 

5 

0.5 

SB11-SS02 

5-6 

10 

-9.5 

SB13 

17 

0.5 

SB13-SS03 

16-17 

11 

-10.5 

SB17 

15 

0.5 

SB1 7-SS03 

13-15 

11 

-10.5 

SB20 

10 

0.5 

SB20-SS03 

10-12 

11 

-10.5 

SB21 

5 

0.5 

SB21 -SS02 

5-7 

11 

-10.5 

SB21 

15 

0.5 

SB21-SS03 

13-15 

11 

-10.5 

SB22 

0 

0.5 

SB22-SS01 

0-1 

12 

-11.5 

SB22 

15 

0.5 

SB22-SS02 

12-13 

10 

-9.5 

SB22 

20 

0.5 

SB22-SS03 

20-22 

11 

-10.5 

SB23 

0 

0.5 

SB23-SS01 

0-1 

12 

-11.5 

SB23 

5 

0.5 

SB23-SS02 

4-5 

11 

-10.5 

SB27 

0 

0.5 

SB27-SS01 

0-1 

11 

-10.5 

SB30 

0 

0.5 

SB30-SS01 

0-3 

11 

-10.5 

SB30 

5 

0.5 

SB30-SS02 

4-5 

1500 

-1499.5 

SB30 

10 

0.5 

SB30-SS03 

8-10 

5400 

-5399.5 

SB31 

10 

0.5 

SB31-SS03 

8-10 

56 

-55.5 

SB34 

15 

0.5 

SB34-SS01 

14-15 

11 

-10.5 

SB35 

30 

0.5 

S635-SS01 

30-32 

11 

-10.5 
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SB37 

10 

0.5 

SB37-SS02 

7-8 

11 

-10.5 

SB44 

21 

0.5 

SB44-SS03 

21-22 

11 

-10.5 

SB45 

38 

0.5 

SB45-SS01 

37-38 

11 

-10.5 

SB46 

15 

0.5 

SB46-SS01 

14-15 

11 

-10.5 

SB47 

45 

0.5 

SB47-SS01 

44-45 

11 

-10.5 

SB48 

14 

0.5 

S648-SS01 

14-15 

12 

-11.5 

SB49 

45 

0.5 

SB49-SS01 

44-45 

11 

-10.5 

SB50 

40 

0.5 

SB50-SS02 

40-42 

11 

-10.5 

SB51 

54 

0.5 

SB51-SS01 

53-54 

12 

-11.5 

SB52 

30 

0.5 

SB52-SS01 

30-32 

11 

-10.5 

SB53 

30 

0.5 

SB53-SS01 

30-32 

11 

-10.5 

SB54 

30 

0.5 

SB54-SS01 

30-31 

11 

-10.5 

SB55 

30 

0.5 

SB55-SS01 

30-31 

11 

-10.5 

SB58 

30 

0.5 

SB58-SS01 

30-32 

11 

-10.5 

SB60 

35 

0.5 

SB60-SS02 

37-38 

11 

-10.5 

SB61 

15 

0.5 

SB61-SS02 

14-15 

11 

-10.5 

SB61 

30 

0.5 

SB61-SS03 

30-31 

11 

-10.5 

SB64 

15 

0.5 

SB64-SS02 

12-14 

11 

-10.5 

SB65 

50 

0.5 

SB65-SS01 

48-50 

11 

-10.5 

SB66 

25 

0.5 

SB66-SS02 

23-25 

11 

-10.5 

SB66 

35 

0.7 

SB66-SS03 

35-37 

11 

-10.3 

SB67 

45 

0.5 

SB67-SS01 

43-45 

ND 

#VALUE! 

SB69 

10 

0.5 

SB69-SS02 

8-10 

ND 

#VALUE! 

SB71 

45 

0.5 

SB71-SS01 

46-48 

ND 

#VALUE! 

SB73 

45 

0.5 

SB73-SS02 

45-47 

2 

-1.5 

SB73 

55 

0.5 

SB73-SS03 

55-57 

2 

-1.5 

SB74 

48 

0.5 

SB74-SS01 

46-48 

2 

-1.5 

SB76 

80 

0.5 

SB76-SS04 

80-82 

11 

-10.5 

SB76 

100 

0.5 

SB76-SS05 

100-102 

11 

-10.5 

SB77 

60 

0.5 

SB77-SS01 

58-60 

11 

-10.5 
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ANALYTICAL  RESULTS  FOR  CARBON  TETRACHLORIDE  IN  SOILS 
(Results  are  in  micrograms  per  kilogram) 


On-Site  ID 

Depth 

(f«t) 

Value 

Off-Site  ID 

Depth 

(feet) 

Value 

Analytical 

Difference 

MW01-1S 

15 

0.5 

MW01-1S-SS02 

16-17 

11 

-10.5 

MW02-1D 

75-76 

0.5 

MW02-1 D-SS03 

75-76 

11 

-10.5 

MW04-1 S 

25 

0.5 

MW04-1S-SS03 

25-30 

10 

-9.5 

MW09-1D 

15 

0.5 

MW09-1 D-SS02 

12-14 

11 

-10.5 

MW09-3I 

74-75 

0.5 

MW09-3I-SS01 

74-75 

11 

-10.5 

MW10-1D 

5 

0.5 

MW10-1 D-SS02 

7-8 

11 

-10.5 

MW13-1I 

6.8-7.2 

0.5 

M\A/13-1 1-SS02 

7 

10 

-9.5 

MW13-1I 

15 

0.5 

MW13-1 1-SS03 

13-14 

11 

-10.5 

MW16-1D 

8 

0.5 

MW16-1D-SS02 

7-8 

11 

-10.5 

MW20-1D 

10 

0.5 

MW20-1D-SS03 

10-12 

27000 

-26999.5 

MW20-1 D 

20 

0.5 

MVI^20-1  D-SS04 

19-20 

27000 

-26999.5 

MW21  -1 D 

0 

0.5 

MW21-1 D-SS01 

0-1 

11 

-10.5 

MW21  -1 D 

10 

0.5 

MW21-1D-SS02 

10-11 

26000 

-25999.5 

MW23-1D 

32 

0.5 

MW23-1D-SS03 

31-32 

11 

-10.5 

MW24-1D 

87 

0.5 

MW24-1 D-SS02 

87-88 

11 

-10.5 

MW25-2I 

15 

0.5 

MW25-2I-SS01 

14-15 

57 

-56.5 

MW27-2D 

20 

0.5 

MW27-2D-SS02 

19-20 

11 

-10.5 

MW27-2D 

30 

0.5 

MW27-2D-SS03 

27-28 

11 

-10.5 

MW27-3I 

46 

0.5 

MW27-3I-SS01 

45<46 

11 

-10.5 

MW31-1D 

95-96 

0.5 

MW31-1 D-SS03 

95-96 

11 

-10.5 

MW36-1D 

15 

0.5 

MW36-1 D-SS02 

12-14 

11 

-10.5 

MW38-1I 

10 

0.5 

MW38-1I-SS02 

11-13 

11 

-10.5 

MW38-1 1 

43 

0.5 

MW38-1 1-SS03 

41-43 

11 

-10.5 

PZ03 

10 

0.5 

PZ03-SS02 

9-10 

10 

-9.5 

PZ12 

0 

0.5 

PZ12-SS01 

0-1 

12 

-11.5 

PZ14 

10 

0.5 

P214-SS03 

10-12 

11 

-10.5 

SB04 

10 

0.5 

SB04-SS03 

13-14 

11 

-10.5 

SB07 

10 

0.5 

SB07-SS02 

8-10 

10 

-9.5 

SB07 

15 

0.5 

SB07-SS03 

10-12 

11 

-10.5 

SB10 

10 

0.5 

SB10-SS02 

8-10 

11 

-10.5 

SB11 

5 

0.5 

SB11-SS02 

5-6 

10 

-9.5 

SB13 

17 

0.5 

SB13-SS03 

16-17 

11 

-10.5 

SB17 

15 

0.5 

SB17-SS03 

13-15 

11 

-10.5 

SB20 

10 

0.5 

SB20-SS03 

10-12 

11 

-10.5 

SB21 

5 

0.5 

SB21-SS02 

5-7 

11 

-10.5 

SB21 

15 

0.5 

SB21-SS03 

13-15 

11 

-10.5 

SB22 

0 

0.5 

S622-SS01 

0-1 

12 

-11.5 

SB22 

15 

0.5 

SB22-SS02 

12-13 

10 

-9.5 

SB22 

20 

0.5 

SB22-SS03 

20-22 

11 

-10.5 

SB23 

0 

0.5 

SB23-SS01 

0-1 

12 

-11.5 

SB23 

5 

0.5 

SB23-SS02 

4-5 

11 

-10.5 

SB27 

0 

0.5 

SB27-SS01 

0-1 

11 

-10.5 

SB30 

0 

0.5 

SB30-SS01 

0-3 

11 

-10.5 

SB30 

5 

0.5 

SB30-SS02 

4-5 

1500 

-1499.5 

SB30 

10 

0.5 

SB30-SS03 

8-10 

5400 

-5399.5 

SB31 

10 

0.5 

SB31 -SS03 

8-10 

56 

-55.5 

SB34 

15 

0.5 

SB34-SS01 

14-15 

11 

-10.5 

SB35 

30 

0.5 

SB35-SS01 

30-32 

11 

-10.5 
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SB37 

10 

0.5 

SB37-SS02 

7-8 

11 

-10.5 

SB44 

21 

0.5 

SB44-SS03 

21-22 

11 

-10.5 

SB45 

38 

0.5 

SB45-SS01 

37-38 

11 

-10.5 

SB46 

15 

0.5 

SB46-SS01 

14-15 

11 

-10.5 

SB47 

45 

0.5 

SB47-SS01 

44-45 

11 

-10.5 

SB48 

14 

0.5 

SB48-SS01 

14-15 

12 

-11.5 

SB49 

45 

0.5 

SB49-SS01 

44-45 

11 

-10.5 

SB50 

40 

0.5 

SB50-SS02 

40-42 

11 

-10.5 

SB51 

54 

0.5 

SB51-SS01 

53-54 

12 

-11.5 

SB52 

30 

0.5 

SB52-SS01 

30-32 

11 

-10.5 

SB53 

30 

0.5 

SB53-SS01 

30-32 

11 

-10.5 

SB54 

30 

0.5 

SB54-SS01 

30-31 

11 

-10.5 

SB55 

30 

0.5 

SB55-SS01 

30-31 

11 

-10.5 

SB58 

30 

0.5 

SB58-SS01 

30-32 

11 

-10.5 

SB60 

35 

0.5 

S660-SS02 

37-38 

11 

-10.5 

SB61 

15 

0.5 

SB61-SS02 

14-15 

11 

-10.5 

SB61 

30 

0.5 

SB61 -SS03 

30-31 

11 

-10.5 

SB64 

15 

0.5 

SB64-SS02 

12-14 

11 

-10.5 

SB65 

50 

0.5 

SB65-SS01 

48-50 

11 

-10.5 

SB66 

25 

0.5 

SB66-SS02 

23-25 

11 

-10.5 

SB66 

35 

0.5 

SB66-SS03 

35-37 

11 

-10.5 

SB67 

45 

0.5 

SB67-SS01 

43-45 

ND 

#VALUE! 

SB69 

10 

0.5 

SB69-SS02 

8-10 

NO 

LVALUE! 

SB71 

45 

0.5 

SB71 -SS01 

46-48 

ND 

#VALUE! 

SB73 

45 

0.5 

SB73-SS02 

45-47 

ND 

#VALUE! 

SB73 

55 

0.5 

SB73-SS03 

55-57 

ND 

#VALUE! 

SB74 

48 

0.5 

SB74-SS01 

46-48 

11 

-10.5 

SB76 

80 

1.6 

SB76-SS04 

80-82 

11 

-9.4 

SB76 

100 

0.5 

SB76-SS05 

100-102 

11 

-10.5 

SB77 

60 

0.5 

SB77-SS01 

58-60 

11 

-10.5 
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ANALYTICAL  RESULTS  FOR  TCE  IN  SOILS 
(Results  are  in  micrograms  per  kilogram) 


On-Site  ID 

Depth 

(feet) 

Value 

Off-Site  ID 

Depth 

(feet) 

Value 

Analytical 

Difference 

MW01  -IS 

15 

0.5 

MW01-1 S-SS02 

16-17 

11 

-10.5 

MW02-1 D 

75-76 

0.5 

MW02-1D-SS03 

75-76 

11 

-10.5 

MW04-1S 

25 

0.5 

MW04-1S-SS03 

25-30 

10 

-9.5 

MW09-1 D 

15 

0.5 

MW09-1 D-SS02 

12-14 

11 

-10.5 

MW09-3I 

74-75 

0.5 

MW09-3I-SS01 

74-75 

11 

-10.5 

MW10-1D 

5 

0.5 

MW10-1D-SS02 

7-8 

11 

-10.5 

MW13-1I 

6.8-7.2 

0.5 

MW13-1 1-SS02 

7 

10 

-9.5 

MW13-1I 

15 

0.5 

MW13-1I-SS03 

13-14 

11 

-10.5 

MW16-1D 

8 

0.5 

MW16-1D-SS02 

7-8 

11 

-10.5 

MW20-1D 

10 

0.5 

MW20-1D-SS03 

10-12 

27000 

-26999.5 

MW20-1 D 

20 

0.5 

MW20-1 D-SS04 

19-20 

27000 

-26999.5 

MW21-1D 

0 

0.5 

MW21-1 D-SS01 

0-1 

11 

-10.5 

MW21-1D 

10 

0.5 

MW21-1D-SS02 

10-11 

26000 

-25999.5 

MW23-1 D 

32 

0.5 

MW23-1D-SS03 

31-32 

11 

-10.5 

MW24-1 D 

87 

0.5 

MW24-1 D-SS02 

87-88 

11 

-10.5 

MW25-2I 

15 

0.5 

MW25-2I-SS01 

14-15 

57 

-56.5 

MW27-2D 

20 

0.5 

MW27-2D-SS02 

19-20 

11 

-10.5 

MW27-2D 

30 

0.5 

MW27-2D-SS03 

27-28 

11 

-10.5 

MW27-3I 

46 

0.5 

MW27-3I-SS01 

45-46 

11 

-10.5 

MW31-1D 

95-96 

0.5 

MW31-1D-SS03 

95-96 

11 

-10.5 

MW36-1D 

15 

0.5 

MW36-1D-SS02 

12-14 

11 

-10.5 

MW38-1I 

10 

2.1 

MW38-1I-SS02 

11-13 

2 

0.1 

MW38-1 1 

43 

1.8 

MW38-1I-SS03 

41-43 

11 

-9.2 

P203 

10 

0.5 

PZ03-SS02 

9-10 

10 

-9.5 

PZ12 

0 

0.5 

PZ1 2-SS01 

0-1 

12 

-11.5 

PZ14 

10 

0.5 

PZ14-SS03 

10-12 

11 

-10.5 

SB04 

10 

0.5 

SB04-SS03 

13-14 

11 

-10.5 

SB07 

10 

0.5 

SB07-SS02 

8-10 

10 

-9.5 

SB07 

15 

0.5 

SB07-SS03 

10-12 

11 

-10.5 

SB10 

10 

0.5 

SB10-SS02 

8-10 

11 

-10.5 

SB11 

5 

0.5 

SB11-SS02 

5-6 

10 

-9.5 

SB13 

17 

0.5 

SB13-SS03 

16-17 

11 

-10.5 

SB17 

15 

0.5 

SB1 7-SS03 

13-15 

11 

-10.5 

SB20 

10 

0.5 

SB20-SS03 

10-12 

11 

-10.5 

SB21 

5 

0.5 

SB21-SS02 

5-7 

11 

-10.5 

SB21 

15 

0.5 

SB21-SS03 

13-15 

11 

-10.5 

SB22 

0 

0.5 

SB22-SS01 

0-1 

12 

-11.5 

SB22 

15 

0.5 

SB22-SS02 

12-13 

10 

-9.5 

SB22 

20 

0.5 

SB22-SS03 

20-22 

11 

-10.5 

SB23 

0 

0.5 

SB23-SS01 

0-1 

12 

-11.5 

SB23 

5 

0.5 

SB23-SS02 

4-5 

11 

-10.5 

SB27 

0 

0.5 

SB27-SS01 

0-1 

11 

-10.5 

SB30 

0 

0.5 

SB30-SS01 

0-3 

11 

-10.5 

SB30 

5 

0.5 

SB30-SS02 

4-5 

1500 

-1499.5 

SB30 

10 

0.5 

SB30-SS03 

8-10 

5400 

-5399.5 

SB31 

10 

0.5 

SB31-SS03 

8-10 

56 

-55.5 

SB34 

15 

0.86 

SB34-SS01 

14-15 

11 

-10.14 

SB35 

30 

0.66 

SB35-SS01 

30-32 

11 

-10.34 
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SB37 

10 

0.5 

SB37-SS02 

7-8 

11 

-10.5 

SB44 

21 

0.72 

SB44-SS03 

21-22 

1 1 

-10.28 

SB45 

38 

0.5 

SB45-SS01 

37-38 

11 

-10.5 

SB46 

15 

0.5 

SB46-SS01 

14-15 

11 

-10.5 

SB47 

45 

0.31 

SB47-SS01 

44-45 

11 

-10.69 

SB48 

14 

0.5 

SB48-SS01 

14-15 

12 

-11.5 

SB49 

45 

0.5 

SB49-SS01 

44-45 

11 

-10.5 

SB50 

40 

0.5 

SB50-SS02 

40-42 

11 

-10.5 

SB51 

54 

0.5 

SB51-SS01 

53-54 

12 

-11.5 

SB52 

30 

0.5 

SB52-SS01 

30-32 

11 

-10.5 

SB53 

30 

0.5 

SB53-SS01 

30-32 

11 

-10.5 

SB54 

30 

0.5 

SB54-SS01 

30-31 

11 

-10.5 

SB55 

30 

0.5 

SB55-SS01 

30-31 

11 

-10.5 

SB58 

30 

0.5 

SB58-SS01 

30-32 

11 

-10.5 

SB60 

35 

0.42 

SB60-SS02 

37-38 

11 

-10.58 

SB61 

15 

0.5 

SB61-SS02 

14-15 

11 

-10.5 

SB61 

30 

0.5 

SB61-SS03 

30-31 

11 

-10.5 

SB64 

15 

0.5 

SB64-SS02 

12-14 

11 

-10.5 

SB65 

50 

0.5 

SB65-SS01 

48-50 

11 

-10.5 

SB66 

25 

2.9 

SB66-SS02 

23-25 

11 

-8.1 

SB66 

35 

3.3 

SB66-SS03 

35-37 

11 

-7.7 

SB67 

45 

3 

SB67-SS01 

43-45 

2 

1 

SB69 

10 

O.o 

S669-SS02 

8-10 

ND 

#VALUE! 

SB71 

45 

0.5 

SB71-SS01 

46-48 

ND 

#VALUE! 

SB73 

45 

2.1 

SB73-SS02 

45-47 

ND 

#VALUE! 

SB73 

55 

1.2 

SB73-SS03 

55-57 

ND 

#VALUE! 

SB74 

48 

0.49 

SB74-SS01 

46-48 

11 

-10.51 

SB76 

80 

9.6 

SB76-SS04 

80-82 

3 

6.6 

SB76 

100 

0.5 

SB76'SS05 

100-102 

16 

-15.5 

S877 

60 

0.5 

SB77-SS01 

58-60 

11 

-10.5 
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ANALYTICAL  RESULTS  FOR  PCE  IN  SOILS 
(Results  are  in  micrograms  per  kilogram) 


On-Site  ID 

Depth 

(feet) 

Value 

Off-Site  ID 

Depth 

(feet) 

Value 

Analytical 

Difference 

MW01  -IS 

15 

0.5 

MW01-1S-SS02 

16-17 

11 

-10.5 

MW02-1 D 

75-76 

0.5 

MW02-1D-SS03 

75-76 

11 

-10.5 

MW04-1S 

25 

0.5 

MW04-1S-SS03 

25-30 

10 

-9.5 

MW09-1 D 

15 

0.5 

MW09-1 D-SS02 

12-14 

11 

-10.5 

MW09-3I 

74-75 

0.5 

MW09-3I-SS01 

74-75 

11 

-10.5 

MW10-1D 

5 

0.5 

MW10-1 D-SS02 

7-8 

11 

-10.5 

MW1 3-1 1 

6.8-7. 2 

0.5 

MW1 3-1 1-SS02 

7 

10 

-9.5 

MW1 3-1 1 

15 

0.5 

MW13-1I-SS03 

13-14 

11 

-10.5 

MW1 6-1 D 

8 

0.5 

MW16-1D-SS02 

7-8 

11 

-10.5 

MW20-1D 

10 

0.5 

MW20-1D-SS03 

10-12 

27000 

-26999.5 

MW20-1D 

20 

0.5 

MW20-1 D-SS04 

19-20 

27000 

-26999.5 

MW21-1D 

0 

0.5 

MW21-1 D-SS01 

0-1 

11 

-10.5 

MW21-1D 

10 

0.5 

MW21-1 D-SS02 

10-11 

26000 

-25999.5 

MW23-1 D 

32 

0.5 

MW23-1 D-SS03 

31-32 

11 

-10.5 

MW24-1D 

87 

0.5 

MW24-1 D-SS02 

87-88 

11 

-10.5 

MW25-2I 

15 

0.5 

MW25-2I-SS01 

14-15 

57 

-56.5 

MW27-2D 

20 

7 

MW27-2D-SS02 

19-20 

3 

4 

MW27-2D 

30 

2.8 

MW27-2D-SS03 

27-28 

6 

-3.2 

MW27-3I 

46 

9.1 

MW27-3I-SS01 

45-46 

17 

-7.9 

MW31-1D 

95-96 

0.5 

MW31-1D-SS03 

95-96 

11 

-10.5 

MW36-1 D 

15 

0.5 

MW36-1D-SS02 

12-14 

11 

-10.5 

MW38-1 1 

10 

0.86 

MW38-1I-SS02 

11-13 

11 

-10.14 

MW38  11 

43 

0.5 

MW38-1 1-SS03 

41-43 

11 

-10.5 

PZ03 

10 

0.5 

PZ03-SS02 

9-10 

10 

-9.5 

F»Z12 

0 

0.5 

PZ1 2-SS01 

0-1 

12 

-11.5 

PZ14 

10 

0.5 

PZ14-SS03 

10-12 

11 

-10.5 

SB04 

10 

0.5 

SB04-SS03 

13-14 

11 

-10.5 

SB07 

10 

0.5 

SB07-SS02 

8-10 

10 

-9.5 

SB07 

15 

0.5 

SB07-SS03 

10-12 

11 

-10.5 

SB10 

10 

0.5 

SB10-SS02 

8-10 

11 

-10.5 

SB11 

5 

0.5 

SB11-SS02 

5-6 

10 

-9.5 

SB13 

17 

0.5 

SB13-SS03 

16-17 
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